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Model Methods, with Particular Reference to 
Three Recent Applications in the Fields of Steel, 
Composite and Concrete Construction * 


S. R. Sparkes, Ph.D., M.I.C.E., M.L.Struct.E. + (Member of Council) 
and J. C. Chapman, Ph.D., A.M.I.C.E. ++ 


Summary 


Available model methods are briefly described and 
examples are given from published work to indicate 
some of the design problems which have been solved 
with the help of models. A more detailed description 
is then given of the use of models at Imperial College 
by the authors to study respectively erection problems 
in a prestressed steel bridge, the stiffnesses and stresses 
in the reinforced concrete services tower of a tall steel 
framed building, and the stresses and deformations 
in a concrete arch dam. 


Introduction 


The use of models as an aid to structural design is 
not a recent innovation. As long ago as 1845, Robert 
Stephenson used models in the novel design of the 
Britannia and Conway Tubular Bridges; but it is 
probably true to say that even today the model 
technique has not been generally accepted as a design 
tool. Thestatus of the structural model is less advanced 
than that of hydraulic, ship, and aerodynamic models, 
which have long been regarded as acceptable and 
necessary aids to design. 

There is a considerable literature on the laws of 
similitude and on model techniques, but the literature 
on the application of model methods to particular 
design problems is perhaps less extensive. There is, 
therefore, a tendency for designers to regard structural 
models more as an academic research tool than as a 
direct aid to design. 

Model investigations normally result in structural 
Savings, so that a further deterrent perhaps lies in the 
percentage system of consultants’ remuneration, under 
which the achievement of an economical design, with 
its increased design costs and responsibility, is rewarded 
by reduced fees. This factor is, of course, partly offset 
in many cases where the client agrees to meet the cost 
ofthe model. A more important factor is probably that 
there is a very proper reluctance to place reliance on a 
technique which the engineer feels has not been 
Sufliciently well tried. In discussing the advantages 
of model methods, Nervi! makes use of a simple but 
effective analogy : “It is like reading the weight of a 
body on a scale, rather than calculating what it should 
be from measurements of volume and specific weight.”’ 
He continues: ‘‘ The superiority of the experimental 
method over any conceivable theoretical procedure in 
determining the actual behaviour of a structure is so 
Obvious as not to require additional clarification.” 
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The writers are not convinced that the fipal phrase 
would be generally accepted, and they feel that there is 
still room for a presentation of the use of models, not 
merely as a theoretical possibility, but as a useful 
technique of which there already exists a considerable 
accumulation of experience. 

The design and use of structural models calls for 
similar qualities of engineering intuition and judgment 
to the design of the structure itself ; in some respects 
the model designer must rely to an even greater extent 
on these qualities, since his design is not circumscribed 
by pre-determined requirements such as overall size and 
appearance. 

In this paper, some representative examples of model 
applications have been taken from the literature to 
illustrate the methods which are available. These 
examples are followed by more detailed descriptions of 
three particular model investigations upon which the 
authors have been engaged, so that the design and use 
of these models can be explained more fully. 


Available Methods 


A considerable number of model methods have been 
put forward, but the following are perhaps those which 
have the widest application. No account will be 
given in the present paper of electrical and other 
analogues, in which the properties of the structure are 
represented, for example, by electrical impedances. 


Reciprocal displacement models 


This method involves an application of Clerk 
Maxwell’s reciprocal theorem and is used for determining 
redundant reactions. The model is usually cut from 
celluloid or perspex for ease of fabrication and so that 
sufficiently large elastic displacements can be applied to 
the model by small forces. The reactions of the model 
are displaced in turn in the direction in which the 
reactive force is required, and the magnitude of the 
force can then be deduced from the relative displace- 
ments of the reaction and the structure at points where 
loads would act ; the loads needed to apply the model 
displacements are not measured. 

The method is used mainly where axial strains can be 
neglected, although this is not a necessary restriction if 
the extensional and bending stiffnesses are correctly 
related in the model. The early applications of the 
method made use of models in which small displace- 
ments were applied and measured by means of a 
microscope.2. In more recent years, however, a less 
refined, but nevertheless effective, technique has been 
used in which displacements are applied which are 
sufficiently large to be measured directly by means of a 
scale. The method has been largely used for plane 
framed structures but it can also be used for three- 
dimensional structures. 
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The method was used, for example, in investigating 
the properties of the spiral penguin ramp at the London 
Zoo. This is a reinforced concrete slab 4 ft. wide of 
trapezoidal cross section 6 in. thick on the inside and 
3in. thick on the outside. The ramp is built into a 
supporting wall at different levels so that there are six 
redundant reactions. A celluloid model‘ of the ramp 
was made and unit displacements were applied in the 
direction of each redundant reaction in turn, using a 
special deformeter. The deflected form of the model 
then gave the influence line for the redundant reaction. 
The flexural and torsional properties of the trapezoidal 
section were automatically taken into account by the 
model. 

More recently Gerstle and Clough® described a 
similar method for determining the end reactions of 
three dimensional slab structures. 


Photoelasticity 

This is an optical technique for the determination of 
shearing and direct stresses in two- or three-dimensional 
elastic bodies for which standard solutions from the 
theory of elasticity do not exist. 

Polarised light is passed through a transparent 
plastic model which is loaded in the same way as the 
actual structure. The plastic used resolves the incident 
light into two components which are mutually at 
right angles, and also has the property that the retar- 
dation depends on the stress in the material. If the 
orthogonal components of stress at a point are unequal, 
therefore, the two components of light are differently 
retarded, and interference fringes result. The fringes 
enable the stress trajectories and also the differences 
between the principal stresses to be found at all points 
in the model. At free boundaries, where the stress 
normal to the boundary is known to be zero, the magni- 
tude of the stress can also be found. In order to find 
stress magnitudes at internal points a further experi- 
mental or numerical procedure is required. Where two- 
dimensional stress systems are to be investigated, the 
technique is straightforward, although special care 
must be taken in the preparation of the model, and the 
determination of internal stress is a lengthy procedure 
where a complete distribution is required.®,?,8,9 

Where three dimensional stresses are involved the 
more complicated but powerful ‘frozen stress’ 
technique can be employed. The model is heated and 
then cooled whilst under load, fringes due to the load 
being ‘frozen’ in, so that the model can subsequently 
be sliced and viewed in the polariscope. This remark- 
able behaviour results from the structure of the plastic, 
which behaves as though it consisted of an infusible 
elastic network of low modulus permeated by fusible 
material of high modulus. On heating, the fusible 
material carries no load, which is therefore sustained 
by the elastic network, and the model suffers large 
deformations. After cooling, and removal of the load, 
the stresses in the elastic network are equilibrated by 
the fusible material, which being more rigid is practically 
unstrained by the locked-in stresses, and the fringe 
patterns remain unchanged. This method also lends 
itself to the determination of self-weight stresses, since 
the model can be placed in a centrifuge whilst being 
heated and cooled, in order to simulate an increase in 
the gravitational field. 

Some interesting applications of two- and three- 
dimensional photoelastic techniques to the analysis of 
nuclear reactor components have been described by 
Leven and Sampson.!® Experimental results are given 
for pressure vessel closure heads with flat and curved 
surfaces, for pressure vessel nozzles, for tube sheets, 
and for other components. The authors point out that 
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photoelasticity has the advantage that there is little 
chance of missing the points of highest stress, whereas 
with strain gauge techniques some prior knowledge of 
the stress distribution is required in order to avoid thit 


possibility. Some comparisons are given with strain 
gauge measurements on a steel model, and the agreement 
is good in most, but not all, locations. The pap:r 
demonstrates both the power and the complexity of the 
various photoelastic techniques. 

A more detailed description of a pressure vescel 
investigation is given by Taylor and Schweiker. 4 


Stresses were measured near a reinforced opening in ; 
spherical and in a cylindrical pressure vessel. T 
models were prepared with great care, and the casting 
and machining techniques employed are described 1 
detail. The frozen stress method was used, and 
various procedures were adopted for determining t 
stress components. It was found that the maximun 
stress concentration factor was higher for the cylindrica 
than for the spherical vessel. 


Ligtenberg’s Moiré Method 


This ingenious but simple technique is used for t 
determination of bending moments in nominally flat 
plates or slabs where the loading, boundary conditions, 
or shape of the plate are such that theoretical solutions 
are not available.12 A model of the plate is made with 
one reflecting surface ; this can be achieved by polishing, 
silvering, or perhaps most simply by using a black 
shiny plastic. A screen with closely ruled parallel 
lines is erected at a few feet from the model and 
parallel to it. The image of the screen is reflected back 
by the model to a camera behind the screen whose lens 
projects through a hole in the centre of the screen. 
The reflection is photographed under zero load with the 
screen, say, vertical ; the plate is then loaded and the 
reflection is again recorded on the same photograph. 
Owing to the changes of slope which have taken place 
in the plate the second image is distorted, and inter- 
sections occur between the lines of the two images. 
The intersections give rise to ‘ moiré fringes,’ (Fig. 1) 
which can be interpreted as contours of slope change ; 
it should be noted that initial deformations of the model 
plate do not therefore affect the result. Slopes in the 
orthogonal direction are obtained in a similar manner 
with the screen turned through 90°. Curvatures are 
found by graphical differentiation, and the bending 
moments then follow very simply. 

An interesting application of the method to the study 
of flat slab problems has been described by Vreedenburgh 
and Wijngsarden!® 


Direct Measurement Models 


The most direct method of determining stresses and 
deflections in a structure is to measure these quantities 
in the prototype, and where important structures 
(such as aircraft) are to be built in some quantity 
this procedure is often justified. It is hardly feasible, 
however, with large civil engineering structures, and 
prototype testing is then usually limited to components; 
any experimental measurements on the whole structure 
which are to be used in the design process must be 
made on a model. Measurements may, of course, be 
made in the completed structure at working load as a 
check on the design calculations and to give information 
for future similar designs, but it is seldom possible to 
test a completed structure to destruction. 

Where the structure is not too complicated and where 
information is sought only on elastic behaviour, one of 
the model methods already described may be used. 
Where the structure is complicated, or where inelastic 
behaviour is to be studied, strains and deflexions must 
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be measured by the direct applications of strain gauges 
and other instruments to a model which is similar to the 
prototype in all necessary respects. 

The extent to which similarity must be maintained 
depends on the information which is required from the 
model. The similarity requirements have been set 
down in general terms by several authors :14,15,16 in 
many cases, however, the requirements can be greatly 
simplified. For example, if external static loads only 
are involved, and if the strains are elastic, then it is 
sufficient that the model should be geometrically 
similar to the prototype. The elastic modulus of the 
materialis not important, since the magnitude of the load 
can be adjusted to give the correct strain in the model. 
In many problems the structure is known to behave 
linearly, and then, if desired, the strains may be magnified 
in the model for convenience of measurement, although 
of course the strains should not be increased to such an 
extent that changes in geometry affect the behaviour. 

If strains due to body forces must be correctly 
reproduced in the model, then unless the model can be 
tested in a centrifuge (with the attendant difficulties of 
size and instrumentation) the elastic modulus must be 
reduced in the same ratio as the linear scale if the 
density remains constant. For this reason rubber and 
gclatine have been used for dam models,17.18 although 
body forces have also been simulated in mortar models 
by passing loading wires through tubes into the interior 
of the model.19 Low modulus dam models have the 
further advantage that the hydrostatic loading can be 
applied to the model by either water or mercury, 
depending on the stiffness and scale of the model. 

Models have been used most extensively and exhaus- 
tively in the study-of arch dams, because of their 
inate complexity (especially when the foundation 
properties and the cracking of the concrete are 
considered) and because of the catastrophic con- 
sequences of failure. A study of the techniques which 


Fig. 1.—A pair of moiré photographs of a floor panel with numerous holes. 










































have been used during the last ten years in this work 
serves to highlight many of the types of problem which 
are capable of investigation by model methods.20,21 
Hydrostatic loading, self weight loading, earthquake 
loading, temperature stresses, anisotropic foundations, 
and construction effects have all been studied by means 
of models. In some cases as many as ten models have 
been made with different profiles before arriving at a 
final design. 

An interesting model technique has also been used 
for initially determining the shape of the profile. Ifa 
funicular surface for the particular valley can be 
determined, then bending stresses will occur only as a 
result of deformations; that is, the bending will be 
secondary. A rubber membrane is cut to the shape of 
the valley and loaded in tension by water pressure. 
Since the membrane is in tension rather than compres- 
sion, self weight forces are simulated by forces applied 
vertically upwards over the surface of the membrane. 
The membrane has no bending stiffness and therefore 
adopts a funicular surface, the particular surface 
depending on the properties of the membrane.?? It 
may be that this technique could be adapted to the 
design of shell roofs of unusual shape. 

Where self-weight loading is involved, or where the 
model is to be loaded hydrostatically, the scale of the 
model will be determined by the elastic properties and 
densities of available materials, but otherwise the scale 
is chosen for convenience of fabrication and measure- 
ment. A very small model has the disadvantage that 
fabrication is intricate, the necessary length of strain 
gauges may be smaller than is available, deflexion 
measuring and loading devices may be too cumbersome 
for the model, and if thin plating forms part of the 
structure then it may be difficult to control initial 
deformations in the model. In some cases, where 
local bending or buckling does not arise, the model 
thicknesses can be increased, provided that the 








thicknesses are correctly related to each other. If the 
model is very large the cost of material may become 
important (especially if plastics are being used) and in 
some cases the magnitude of the applied load may 
become excessive. In general, the model should be 
as large as is possible for a given expenditure. 

Provided that the properties of the model material 
are properly chosen, the overall inelastic behaviour of 
the structure can be correctly simulated, and careful 
studies of model behaviour up to collapse have been 
made.!4,23 It should be expected, however, that some 
differences in the detailed behaviour of concrete will be 
manifested, owing to the size effect. Similarly, fatigue 
behaviour will not in general be correctly reproduced, 
although comparative fatigue studies of alternative 
designs may be made with models. 

An early and outstanding example of the application 
of model analysis was in Nervi’s design for an aircraft 
hangar roof consisting of a reinforced concrete diagrid 
shell. The structure is remarkable (especially for its 
period—-1935) for its daring conception and for the fact 
that the design was based on model analysis. A 
celluloid model to a scale of about 1 : 30 was built 
and loaded by dead weight! (Fig. 2). Strains were 
measured by mechanical strain gauges, and deflexions 
were also measured. This project illustrates the way 
in which model analysis can liberate the imaginative 
designer from the restrictions imposed by the limitations 
of theoretical analysis. 

A distorted scale model was used in the design of a 
turbine house structure in which very heavy crane 
loads were carried on reinforced concrete spandrel 
arches, and the number and size of the arches made the 
saving of concrete by hollow spandrels justified. 
Crane loads were carried eccentrically in the thickness 
of the arches and a more accurate knowledge of the 
stress distribution in the spandrels was required than 
could be obtained by calculation. By measuring strains 
with electric resistance gauges in an appropriately 


Fig. 2.—Model hangar under test. 
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the stress distribution in the 
prototype was obtained and used in the design.*4 The 
steel model, shown under test in Fig. 3, had a scale 
of 1 in. to 1 metre in elevation and 1 in. to 1-7 metres 


loaded steel model, 


in thickness. The prototype was of 30 metres overall 
span, 16 metres high and 3 metres thick, so the model 
was 30 in. wide and 1? in. thick. The hollow spandrels 
were formed by machining the haunches to the shape 
required and then welding in steel plates. About 
75 gauges were used in the horizontal, vertical and 
45° positions on each face of the spandrels and the 
stresses at any point were obtained from these strains 
by interpolation. A photoelastic model was also made 
and the stresses so obtained compared satisfactorily 
with those measured in the steel model. 

Scale models can also be used to advantage in the 
design of shell roofs. A good example of such an 
investigation recently carried out by the Cement and 
Concrete Association and to be reported by L. L. 
Jones?5, was of a one-tenth scale inodel of a hyperbolic 
paraboloid shell roof designed by Dr. K. Hajnal-Konyi 
for a garage in Lincoln.2® The shell roof was composed 
of four similar shells, each 47 ft. 6in. square, so 
arranged that their highest points were at the four 
corners and the centre of the building. The roof was 
supported at the four lowest points in the middle of 
the four sides of the building. One of the four shells 
is shown under test in Fig. 4. Only half the shell can 
be seen; the nearest corner is the low corner. The 
tie bar between the low corners can be seen. In order 
to simplify the boundary conditions the model was 
supported at all four corners, which would be one of 
the support conditions during construction. The 
thickness of the model was 0-25 in. and high tensile 
wires of 0-029 in. diameter were used for reinforcemen'. 

The designer was particularly interested in assessinZ 
the force in the tie-bar, as well as the deflection and 
stress pattern under a uniformly distributed load. 
Load was applied at 144 points by means of the 48 
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Fig. 3.—Steel model of hollow spandrel arch. 


tripods shown and electric resistance foil gauges were 


used to measure strains. 

In the interior of the shell the membrane theory 
seemed to be in good agreement with the stresses 
determined from the model but near the edge beams 


the bending moments increased rapidly. The tie-bar 
force was approximately two-thirds of that calculated 
from the membrane theory, and each low corner 
carried approximately 0-40 and each high corner 0-10 
of the total load. 


Fig. 4.—Model hyperbolic paraboloid shell under test. 
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Fig. 5.—Perspex model of Clifton Bridge. 


The Clifton Bridge, Nottingham?’ has prestressed 
cantilevers of cellular box section and a simply- 
supported span for the main bridge at an angle of skew 
of 24°. No rigorous analytical technique existed for 
dealing with the effect of skew in the cantilevers, and 
model experiments were used. The objects of the model 
work were to obtain deflexions due to load and 
prestress and to assess the eccentricities of the deck 
reactions at the abutments and piers caused by the 
skew of the deck. A model of the cantilever and end 
span was made of perspex to a scale of 1/50 (being 
about 51 in. long and 10 in. wide) and the prestressing 
force was applied by 18 S.W.G. piano wires positioned 
over the top slab, as shown in Fig. 5. The deflexions 
for load and prestress confirmed the analytical results 
based upon a ‘ non skew’ approximation. As a result 
of the model experiments the rocker columns and 
abutment base were increased in size and degree of 
prestress to accommodate the criteria obtained from 
the model tests, the maximum load values being 
almost doubled thereby. 

Lattice pylons present great analytical difficulty, and 
in the absence of model analysis the designs require 
checking by full scale testing. A full scale test is a 
major undertaking and is dependent on the absence of 
temperature variations and wind. The research depart- 
ment of l’Electricité de France has therefore been 
making use of steel models with a scale of 1 : 10 for the 
analysis of proposed pylon designs®® (Fig. 6). As a 
result of the model studies, savings in weight have been 
achieved and such savings are of course especially 
important in this instance, where many similar 
structures are to be built. Steps were first taken to 
verify the similitude of representative model structures. 
Full scale and model assemblies were tested under 
different loading systems, and where both model and 
prototype were bolted the model displacements 


differed by only 3 percent. Where the model was 
bolted and the prototype riveted the model displace- 
ments were 34 percent greater than the prototype, 


Fig. 6.—Steel model pylon—1 : 10 scale. 
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Strains in the models were measured by electrical 
resistance strain gauges, a repetitive variation of less 
than 0-6 microstrain being obtained, and forces in the 
bars could then be calculated. Displacements were 
measured and used to deduce hyperstatic reactions. 
Experiments were also made on a short tower of 
square section under torsion, in order to check the 
calculated forces in the bars. Tests were made with 
and without a diagonal bracing bar at the loaded 
section, and in both cases good agreement between 
calculation and measurement was obtained. 


Model of the Prestressed Steel Trusses of the Ganga 
Bridge 


The Ganga Bridge?® (Fig. 7) has fourteen 400 ft. 
spans, 60 ft. deep, with 29 ft. between trusses. There 
are two decks, the lower carrying a single track railway, 
and the upper deck a roadway. The bridge was 
fabricated with initial deformations, such that under 
the full live and dead load the members would attain 
their nominal dimensions, and the secondary deforma- 
tion stresses would be reduced to zero. The initial 
deiormation was achieved by fabricating the members 
longer or shorter than their nominal lengths by the 
amount that they would compress or extend under 
load, the angles of intersection of the members at the 
gusset plates having their nominal values. In this 
way the effect of secondary stresses was minimised. 

The bridge was erected by cantilevering each span 
from the one before, except for the first span, which 
was erected on falsework. During erection, therefore, 
the overall curvature of the truss due to dead weight 
was of the same sign as the initial camber, so that the 
Secondary deformations were additive. The erection 
closure forces, therefore, might have been unduly large, 
anc during the later stages of erection, the moments 
close to the supporting pier might have been excessive. 
The labour of calculating closure forces and displace- 
ments for all stages of the erection was thought to be 


Fig. 7.—Ganga Bridge. 





prohibitive, and it was decided to use a structural 
model. 

The choice of material for the model seemed to lie 
between celluloid, steel and aluminium. Celluloid is 
easily worked, and large elastic strains may be applied ; 
it was for these reasons that Nichols?° used celluloid. 
Steel, on the other hand, enables a model to be made 
with a much higher degree of precision, but the 
permissible strains are smaller. With aluminium, 
larger strains are possible than with steel, but the 
connections would be more liable to wear. 

The model was to be used subsequently on the 
construction site in order to anticipate, on the model, 
the erection of the bridge. It was therefore essential 
that the model should be robust, that methods of 
measurement should be simple, and that the deformed 
shape should be visible without optical aids. So that 
the erection procedure could be followed closely, it 
was felt that connections should be made at gusset 
plates and not at the centres of members. Also the 
connecting pins at gusset plates had to be well fitted. 

Such considerations led to the choice of silver steel 
rods for the members, as they are available in a wide 
range ofaccurately specified diameters. Ifthe members 
were made from flat bars, they would have to be 
machined along their length in order to achieve the 
correct depth, and this would be difficult with slender 
members. Another advantage of using round members 
is that the flexural rigidity is the same in both directions, 
which is the optimum condition for buckling strength 
and for handling. High tensile steel would have been 
ideal, but the range of available diameters was limited. 

The following scale factors n were used : 

property of bridge 
. property of model 
ny length scale 
Nag extensional rigidity scale 
Ng; flexural rigidity scale 
ny lack of fit scale 
Nw load scale. 
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Resistance to deformation is provided partly by the 
extensional rigidity and partly by the flexural rigidity 
of the members. In order that the relative con- 
tributions of these two properties should be the same 
in the model as in the bridge, the necessary relation 


is 
Nagn®L = Ngr . : . : > (1) 


Any lack of fit scale may be chosen, but for similarity 
the relation between load and lack of fit is 
Nwn ‘ 


“ 


— Nag 

If the model were constructed so that np = nz, the 
distorted shape of the model would be the same as that 
of the bridge, and the deformation would hardly be 
visible. In order to obtain a clear picture of the 
deformation, therefore, ng should be less than n,, and 
the relative distortion is then magnified by nz,/nr. 

The model had to be small enough to be easily 
transported and used in a room of reasonable size. On 
the other hand, the members had to be sufficiently 
stiff to be handled without damage and to sustain a 
sufficiently high axial load without buckling. At the 
same time, sufficient flexibility was réquired to enable 
distortions to be made visible. 
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Fig. 8.—-Detail of model member. 


To magnify the model displacements, whilst satisfying 
the scale relations, springs were introduced at the 
centre of each member. A four-leaf spring was used 
(Fig. 8), since a two-leaf spring would have caused an 
abrupt change in slope at the centre of the member. 
The spring increases the effective flexural rigidity of a 
member by an amount which depends on the distri- 
bution of bending momentinthe member. Calculations 
were made for a beam having a completely rigid centre 
portion with a moment at each end. For a rigid 
length which is one-fifth of the total length, the 
effective flexural rigidity is increased by the following 
amounts for different combinations of bending moment 


M, = Mz_: 25 per cent 
Mz=0 : 18 per cent 
M, = —Mz: 1 percent 


The distribution of bending moment is not known 
initially, and a stiffness increase of 10 per cent was 
assumed for all members. To maintain the scale 
relation, the effective AE of each member was also 
increased by 10 per cent. 
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So that the deformed shape of the model could be 
clearly seen, the lack of fit was made as large as possible, 
consistent with the strength of the silver steel rods. 

These considerations led to the adoption of the 
following scale factors : 

ny = 30 

Nag = 1-09 x 105 
Ng => 0-98 x 108 
ne = 1-0 

Nw = 3-64 x 108. 

These factors resulted in a model 13 ft. long and 
2 ft. deep. The diameters of the members varied from 
0-092 in. to 0-257in. A force of 1 Ib. in the model 
corresponded to 1 -62 tons in the bridge. 

The required AE values were obtained by choosin 
suitable thicknesses and lengths for the springs. To 
standardise production, all the chord springs weie 
? in. x # in. in cross-section, and all the diagonal 
springs were jin. X yin. The approximate spring 
dimensions were found on the assumption that the 
ends of the springs were clamped, but the exact lengtlis 
were found by calibration. The extensions of springs 
of several different lengths under tension and com- 
pression were measured, and the required length of 
spring for a given AE value was found by interpolation. 

The ends of the members were fitted into square end 
pieces, which were joined by gusset plates, the connec- 
tions being made by two tapered pins. Accurate 
templates with hardened steel bushes were made for the 
gusset plates, and the same templates were used for 
drilling the end pieces. 

The length of each half of a member was such that 
the distance between intersection points had its 
nominal value when 1 in. spacers were used between 
springs. The lack of fit was then achieved by using 
different spacers which were longer or shorter than 
lin. by the amount of lack of fit. This method of 
varying the lack of fit was considered to be more 
accurate, more rigid and simpler than a turnbuckle 
device. 

It was intended that the dead weight cantilevering 
strains in the model should be obtained by applying 
loads at the panel points. If loads corresponding to 
the load scale nw = 3-64 x 103 were applied over the 
whole cantilevered span, the members and springs near 
the supported end of the model would be greatly over- 
strained ; leads could safely be applied only over one- 
third of the span. For the more advanced stages of 
erection, therefore, it was intended that observations 
with a lack of fit scale np = 1 should be limited to the 
weightless condition. Where loads were to be applied 
over the rest of the span, the lack of fit scale, and hence 
the load scale, were to be increased. The deformation 
in the model would then have been more difficult to 
measure and also less accurate, since the initial deform- 
ation of the members would have assumed greater 
importance. At the design stage, no way of circum- 
venting this difficulty was seen. 

Erection of the model with the cambered lengths 
indicated that the change in length of a member due 
to erection forces was very small compared to the 
initial lack of fit in the member, a result which was not 
unexpected. If the effect of secondary bending on the 
primary extension of a member can be neglected, it is 
an easy matter to calculate the extension of a member 
due to dead load for any erected length, since the 
structure then becomes ‘pin-jointed.’ If then the 
dead weight extensions of the members are calculated 
for given stages of the erection, these extensions can be 
incorporated in the initial lacks of fit of the members 
by inserting spacers of appropriate lengths, without 
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actually loading the model (Fig. 9). In this way, the 
primary forces which would result from loading the 
model are eliminated, and a lack of fit scale np = 1 can 
be used for all stages of the erection without over- 
loading the rods or the springs. Strictly, it would be 
necessary to calculate extensions of all erected members 
for every addition of a member, and to make and 
insert corresponding sets of spacers. In practice, 
however, this is unnecessary, since the increment of 
extension due to the addition of a single member is 
extremely small, and it is sufficient to calculate exten- 
sions for three or four erected lengths. The calculated 
strains for each chosen length are then assumed to 
apply to erected lengths of a little less and a little 
more than the chosen length. 

This method of incorporating dead weight extensions 
ignores the effect of secondary forces, and if it were 
not required to measure any axial extensions in the 
model it would be equally reasonable to omit the 
springs, although some method of varying the lengths 
of members would still be needed. 

The laboratory work was limited to establishing 
the techniques by which the required measurements 
could be made on the erection site, since the erection 
procedure was not wholly predetermined. The 
members were first erected for the camber only 
condition ; the position of the member relative to the 
gusset plate before and after the insertion of the first 
pin was recorded and the magnitude of the normal 
force, applied at the centre of the member, in order to 
align the second hole, was measured by a spring balance. 
Some typical records are shown in Fig. 10. When 
erection of the model was complete, the overall camber 
wis measured and found to be 8 in., which is in agree- 
ment with the calculated camber for the bridge. 

Measurements of closure forces and displacements 
were made as far as one-third span with dead load 
applied to the lower and central gusset plates. The 
load was applied by cans containing lead shot, 
supported from nylon threads passing over ball race 
pulleys. The closure forces and displacements differed 
only slightly from those recorded without load. 

The model was then erected with 1 in. spacers, so 
thet the distances between intersection points had 
their nominal values. This was done to test the 
general accuracy of the model, and it was found that 
the greatest deviation from straightness of either chord 
was a little less than yin. Whilst erected in this 
condition, the model was supported at each end, and 
81b. loads were applied at each of the lower gusset 





Fig. 9.—Model erected as cantilever. 

















plates; the deflexion of the lower chord was then 
measured. 

The deflexion at mid-span was 0-52 in., and since the 
load scale is nw = 3-64 x 103 the full scale deflexion 
for 200 ton loads at each panel point would be 
200 2240 

8 ~ 3640 

The deflexion calculated for a pin-jointed truss 

under 200 ton loads is 8-2 in. 


0-52 = 8-0 in. 
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Fig. 10.—Some joint closure diagrams. 
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The model was then erected with lacks of fit 
incorporating the dead weight extensions. 

After closure, the secondary moments in a member 
could be obtained by measuring the deflexions of each 
endrelative tothe other. The deflexions were measured 
by a pointer with two holes at one end which were jig 
drilled at the same centres as the holes in the end of 
members. Pins with parallel extensions were then 
inserted at each end of a member. The pointer was 
placed over the extended pins, and the deflexion of the 
other end of the member relative to the pointer was 
measured. The pointer was then moved to the other 
end of the member, and the procedure repeated. Two 
deflexions A; and Ag for each member were obtained, 
using the appropriate sets of spacers, and the bending 
moment at each end of the member is given by the 
following equations :— 

oT 
My = = (2A: + Ai) 



























oT 
Ms = = (2A; + Ag) 


Due to initial lack of straightness of the members, 
the values of bending moment given by the above 
equations are only approximate. 

The spring extensions due to erection were measured 
by an inside micrometer, and the secondary axial 
forces could then be found. 

The model was used on the erection site, as had been 
intended. It was found that the actual closure forces 
were rather smaller than those predicted by the model, 
but of the same order. No allowance was made in 
the model for any slack occurring at the joints in the 


prototype. 





Fig. 11.—Architects model of Co-operative Insurance Society building, Manchester 
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Model of Reinforced Concrete Tower of the 
Co-operative Insurance Society Building Manchester 


The Co-operative Insurance Society office building 
(Consulting Engineer A. E. Beer) consists of a 25-storey 
steel frame, without rigid cladding or internal walls 
which is tied by cast-in-situ reinforced concrete 
floors to a reinforced concrete services tower at the 
rear Figs. 11, 12, 13. The bending stiffness of the 
tower is much greater than that of the frame, so 
that the wind loading is mostly carried by the 
tower, and the tower must be reinforced accordingly 

The bending properties of the tower can be estimated 
by calculation with reasonable accuracy, but the 
torsional properties are very difficult to estimate 
since the section of the tower is neither completely 
‘open’ nor completely ‘closed.’ The outer walls 
form an open channel section, whilst the inner walls 
are joined by three vertical open-webbed girders ; 
the outer and inner systems are joined by horizontal 
slabs and beams. The ‘open’ section would be some 
hundreds of times more flexible than the ‘closed 
section. 

In view of this difficulty, it was decided to construc 
a model of the tower, so that the torsional stiffness and 
the position of the shear centre could be determined. 
If it could be established that the tower were itself 
sufficiently stiff to prevent undue side sway of the 
frame under the action of vertical and wind loading, 
then the beam sections in the frame could be reduced. 
At the same time, strains in the tower could be measured 
at important places, so that the proposed reinforcement 
could be checked. It was assumed that the reinforced 
concrete of the tower could be represented as a homo- 
geneous, isotropic, elastic material. 
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Fig. 12.—Cross-section of Co-operative Insurance Society building. 


Several model materials were considered, perspex 
being finally adopted because the machining properties 
are good, it can be joined effectively by a quick-setting 
acrylic resin (Tensol 7), it does not creep excessively 
and is readily available from stock in a range of thick- 
nesses. Tensol 7 has the added advantage that the 
shrinkage on setting is small, so that ‘fillet welds’ 
can be applied by means of a hypodermic syringe 
without causing undue distortion of the parts joined. 
It also enables butt joints to be made between slightly 
imperfect surfaces without leaving gaps. 

After weighing the intricacy of fabrication and 
difficulties of measurements against the cost of material, 
the amount of machining and the magnitude of the 
applied loading, a model scale of 1 : 60 was chosen. 
This gave a model 63 in. high and 10 in. by 11 in. in 
cross-section ; the wall thicknesses varied from % in. to 
gin. The model is shown in Fig. 14. 

The model was loaded by dead weight through 
cables passing over pulleys. Deflexions were measured 
by dial gauges, and strains by electrical resistance 
strain gauges. The model was fixed at its base to a 
heavy steel plate to minimise warping; the plate 
also served as a datum for deflexion measurements. 

The position of the shear centre was found by varying 
the line of application of the load at the top of the 
tower until no twist occurred. This position (0-75 in. 
behind the back wall) was assumed to hold for loading 
at all levels. 

Bending loads were applied at the shear centre by 
means of a frame which was clamped to the model at 
the appropriate height. Twisting couples were applied 
about the shear centre, in order to minimise errors due 
to imperfect alignment of the loading wires. 

Deflexions at six levels and strains at about 100 
Stations were measured. Loads were applied at a ‘ : , : 
sufficient number of points to enable iidinenice lines Fig. 13.—Vertical section be Conepernions Insurance 
te be plotted, and deflexions and strains could therefore Society building. 
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Fig. 14.—Perspex model of service tower of 
Co-operative Insurance Society building. 


be found for any load distribution. The angle of 
twist over the height of the model for a uniformly 
distributed torque is shown in Fig. 15. 

The quantities needed for interpreting the model 
results are as follows :— 














L length 
A deflexion 
6 twist 
W load 
T torque 
E elastic modulus 
- E 
G shear modulus = ————~ 
¥ a1 + v) 
v Poisson’s ratio 
o stress. 
Then the deflexion scale is given by 
1 Ny 
n = n 3. = 
A wit Dn, 4 nn, 
and the twist scale is 
1 n 
Ny = n,n, . _ = yj 
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The stress scale for bending loads is 


and the stress scale for applied torque is 


no = a 
n,3 


The elastic properties for the materials of the 

building and the model are assumed to be 
E concrete = 3 x 108 p.s.i. 
E perspex = 0-45 x 108 p.s.i. 
v concrete = 0-15 
v perspex = 0-38. 

The maximum deflexion of an outer corner of the 
building, normal to the centre line, for a wind 
pressure of 20 p.s.f., was found to be : 

Due to bending 0-70 in. 
Due to twist 1-10 in. 
Total 1-80 in. 

The maximum measured strain due to wind torque 
occurs at the end of one of the centre cross beams at 
the front of the tower, and corresponds to a full scale 
compressive stress of 750 p.s.i. 

The measured bending deflexions in the model due 
to a horizontal point load at the top are about 20 per 
cent greater about both axes than those calculated 
considering bending only. 

The calculated twist of the model due to a couple at 
the top, assuming an open section, is 230 times larger 
than the measured twist. 
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Fig. 15.—Variation of twist with height for uniformly 
distributed torque of 1 Ib.in./in. 
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It was shown by a simple calculation that the 
measured stiffness of the tower is amply sufficient to 
prevent axial and rotational buckling of the frame, 
without any assistance from the joint stiffnesses of the 
frame (that is, assuming the frame to be pin-jointed). 
If the same assumption were made using the calculated 
open section torsional stiffness, however, rotational 
buckling would occur. 

The model results gave added confidence in the 
design and resulted in substantial savings in steel. 
The saving exceeded twenty times the cost of the model. 


Model of Arch Dam 


An arch dam is at present under construction for 
the North of Scotland Hydro-electric Board (Consulting 
Engineers Sir William Halcrow and Partners). The 
dam is doubly curved and is 400 ft. across the crest 
and 110 ft. high; the thickness varies from 12 ft. to 
18 ft. Flood gates surmounted by a road bridge are 
provided along the crest of the dam, and it is assumed 
that the reservoir may rise to the level of the bridge. 
Since the spillway plays no part in transmitting load 
to the valley sides, the dam is designed to carry load 
from this excess pressure. The dam is founded in 
granulite, and it has been assumed for the purposes 
of the model test that the elastic properties of the 
foundation are the same as for the dam. 

The model investigation was limited to the determin- 
ation of stresses and deflexions due to water loading, 
it being considered that gravity stresses could best be 
estimated by calculation. This was decided partly 
because of the difficulty of arranging the additional 
loading condition in the short time available and partly 
because gravity stresses are, in any case, largely 
dependent on the particular construction sequence 
adopted. Measurements were first to be made before 
the onset of tensile cracking, and then the re-distribution 
of stress due to cracking was to be determined. Finally, 
the load was to be increased until failure occurred. 

It is not possible to envisage an accidental increase 
of loading beyond the design assumption, except as a 
result of some cause such as earthquake, explosion, ice 
formation, or collision, and in all these events the 
distribution of load would be different from that given 
by a proportional increase in the hydrostatic pressure 
distribution. The experimental failure load can there- 
fore best be regarded as a measure of the safety factor 
on the strength of the concrete. If gravity loading 
were included the failure load would probably be 
increased. 

Several considerations affected the choice of the 
scale and material of the model. Results were required 
in the shortest possible time, and it was therefore 
considered to be inadvisable to begin experimenting 
with materials which had not previously been employed 
in the laboratory. For this reason, and because it 
seemed to be most similar to concrete, it was decided 
to use cement mortar for the dam; the valley could 
then be of concrete. Loading by hydraulic jacks 
rather than by fluid pressure was indicated by the 
requirement to vary the magnitude of the load, and 
was also coupled with the decision to use cement mortar 
for the model. The material had to have similar 
properties to concrete in order that the effects of 
cracking and the mode of failure could be simulated. 
The scale of the model (1 : 50) was determined by the 
availability of a large number of 5-ton jacks, by the 
estimated load required to rupture the dam, by the 
size and capacity of the available loading frame and 
by the general principle that the model should be as 
large as possible within these limitations, so that 
measurements could be most readily made, and so that 
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Fig. 16.—Section showing method of fixing model dam 
in valley. 


the material should be as realistic as possible. These 
considerations resulted in a model which was 8 ft. 
across the crest, 2 ft. high and with a thickness varying 
between about 3 and 44in. The overall size of the 
valley block was 13 ft. across, 6 ft. high and 5 ft. long. 

It was anticipated that two different profiles would 
be tested and some means of building the second model 
in the original valley had to be devised. The method 
adopted was to cast the dam separately from the 
valley and then subsequently to place it in a trough in 
the valley. The joint was made good with cement 
mortar (Fig. 16). After testing the first profile the 
trough could be cleaned out and the second profile 
placed in position. 

The first mould was formed from closely spaced hori- 
zontal plywood fins cut to the correct radii, the spaces 
between the fins being filled with mortar. The second 
mould was built from solid laminated timber. So 
that loading could be applied up to the level of the 
bridge without artificially strengthening the dam, slots 
were cast into the dam at close intervals over the 
excess height. The mortar was prepared from ¥ in. 
aggregate and rapid hardening Portland cement. 

The base of the valley block was heavily reinforced to 
resist the moment caused by the side thrust of the dam. 
The moment was estimated on the assumption that 
the entire cross-section of the dam had reached its 
crushing strength. The reinforcement consisted of 
three 12 in. x 6 in. B.S.B.’s formed into a box section 
by means of a } in. plate over the whole length of the 
valley on the tension side, and a 6 in. composite slab on 
the compression side. Nevertheless, just before com- 
plete collapse of the first profile, a crack appeared at 
the valley bottom. For the second profile, therefore, an 
external prestressing force of 200 tons was applied 
across the valley. 
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Fig. 17.—Model dam under test. 


The first profile was suspended in the valley trough 
by special lifting clamps whilst being cemented in 
position. The valley block, which weighed about 20 
tons, was then lifted into the loading frame. 

The total load to be applied to the dam at rupture was 
of the order of 200 tons, and special slabs for reacting 
the load had to be built. There were two slabs, each 


consisting of a pair of 12 x 5 B.S.B.’s with a dished 
fs in. plate welded to the compression flanges. The 
plate served as both shuttering and reinforcement for 
the 6 in. slab which was cast on the beams. The slab 
was shear connected to the beams and to the plate, 
so that the assembly spanned longitudinally as a 
composite beam and transversely as a composite plate. 


Fig. 18.—Model dam after failure. 
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Detachable cover plates were fixed over the slabs, 
and threaded studs were welded to the plates to 
locate and fix angled loading pads which reacted the 
jacks. 

The jacks were all of 5-ton capacity, and had to be 
correctly spaced and angled to simulate normal 
triangular hydrostatic loading. The pressure was 
applied to the surface of the dam by steel plates to 
which wooden pads, shaped to fit the dam surface, 
were fixed. So that irregularities and deformations 
would not affect the pressure distribution, rubber pads 
were placed between the wooden pads and the dam. 
To allow lateral expansion, the rubber was divided into 
small squares with intervening gaps. 

About 150 electric resistance strain gauges were 
fixed to both surfaces of the dam, and the gauges in 
tensile regions enabled the load which would cause 
cracking to be estimated. 

Deflexions in the downstream direction were measured 
by a dial gauge extensometer from a reference wall 
which was cast across the valley downstream of the 
dam. Transverse displacements were measured across 
the crest and abutments. 

The dam is shown under test in Fig. 17, and the 
rupture of the first profile is shown in Fig. 18. 

Stress distributions due to water load have been 
obtained for two profiles, and also the redistribution 
of stress at high loads after the development of cracking. 
The use of models in this way gives information 
which cannet at present be obtained by calculation. 
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The Structural Engineer 


Rubber Tyred Overhead Cranes and_ their 


Influence on the Design of Industrial Buildings * 


by E. M. Lewis 


Introduction 


During the past fifty years, the broad trend in all 
transfer equipment has been to change from steel 
wheels running on steel rails or on metalled roadways 
to rubber tyred wheels running on roadways of almost 
any kind. For example, earth-moving and quarrying 
equipment of all types is now in the main rubber shod 
whilst in factory equipment such as fork lift trucks and 
straddle cars etc., rubber tyres have virtually ousted 
steel wheeled bogies. Indeed, heavy rubber tyred 
transfer cars for liquid metal are mooted for steelworks. 
The main reasons for this change-over are increased 
speed and manoeuvrability in operation and overall 
economy. 

We may regard passenger vehicles as a special case of 
transfer equipment and again we see a trend from steel 
to rubber wheels. Following the lead of the Paris 
Metro, rubber tyred underground railways are currently 
being built for Milan. With regard to the great increase 
of road transport generally relative to rail transport, 
it is difficult to imagine such a swing if all vehicles were 
condemned to run on rigid steel wheels. 

The detailed technical argument varies from appli- 
cation to application but in the final analysis it is the 
vastly greater elasticity of the rubber which leads to 
operating efficiency and overall economy in every case. 

Electric overhead travelling cranes are the primary 
transfer equipment in great spheres of industry and, 
further, rubber technology could probably have met 
the demand for suitable wheels at any time during the 
past quarter-century. One is therefore led to ask why 
it was only two years ago that the first rubber tyred 
electric overhead travelling crane (illustrated at Fig. 1) 
was commissioned. What is it about the E.O.T. crane 
which makes it the exception to a technological trend 
embracing every other similar kind of engineering 
equipment ? Is there some fundamental technological 
difference between this and any other piece of transfer 
equipment or is it that our approach to design is in 
some way inhibiting change ? 

For the past decade the author has been concerned 
with investigations into the behaviour, or rather the not 
infrequent misbehaviour, of intense duty production 
crane and gantry combinations in steelworks and other 
industrial plants. By 19551 he was led to believe that 
the intractable problem of flange binding, due to 
skewing cranes or misaligned gantries, and also other 
difficulties of crane long travel, might be solved by the 
use of flexible rubber rather than rigid steel wheels. 
Intensive investigation since in collaboration with a 
crane maker, and operating experience with the first 
rubber tyred cranes have strengthened his conviction. 
What, then, held back this development ? 


* Paper to be read before the Institution of Structural Engineers 
at 11, Upper Belgrave Street, London, S.W.1, on Thursday, 
23rd March, 1961 at 6 p.m. 


It is suggested that the delay has been due to an 
unfortunate coincidence of the division of commercial 
interest as between the crane makers and structural 
engineers with the crux of the overall technical problem, 
namely the behaviour of the wheel where it contacts 
the rail. The target of the mechanical engineer has 
been to minimise the cost of the crane, and that of the 
structural engineer the cost of the gantry and its 
foundations—each independently of the other. There 
has been no commercial incentive to research into the 
no-man’s-land between. It is not surprising, therefore, 
that in spite of the importance of the problem to 
industry, there have been, to the author’s knowledge, 
only two major researches? ? — neither sponsored by a 
crane maker—into the theory of crane long travel 
motion and none into the overall behaviour of the crane 
and gantry combination. The crane designer still 
hopes for a true and rigid rail without being able to 
state in figures what is necessary. The building 
designer aims for an ‘economic’ structure and 
foundations and hopes that the rail track will prove 
adequately rigid and stable in service. 


Steel Wheeled 
Combination 


It is common experience amongst those concerned 
with operating production E.O.T. cranes that while 
most operate satisfactorily throughout their working 
lives, there are many which give trouble when long 
travelling. Operationally, they are somewhat erratic 
to control, sometimes requiring full power to long 
travel and other times long travelling easily. In bad 
cases they can only long travel slowly at times and 
tend to mount the rail—derailments are not unknown. 
With such cranes maintenance costs are high. Wheels 
may need to be changed every few weeks due to flange 
wear and rail changing may be neeessary in months 
instead of years. Further, there is often structural 
trouble particularly at such highly stressed points as 
the connection between the crane bridge and its end 
carriages and the gantry girders and building columns. 

There are many factors involved in such misbehaviour 
and trouble in any particular case arises from a particular 
combination to which there may be more than one 
remedy. Moreover, in another instance where the 
symptoms are the same, the combination of causes can 
be entirely different and therefore the right remedies 
different. Though the theoretical background is not 
complete, research has illuminated many of the causes. 
Some authorities, however, adhere to an empirical 
approach. It is not surprising, therefore, that often 
contradictory opinions are expressed on troublesome 
cranes—some blame the track, some blame the craue, 
some blame the cross-shaft, some the lack of a cross 
shaft, some recommend large tread clearances and some 
small tread clearances, some want coned and some 
want cylindrical wheels, etc. 


Behaviour of the Crane/Gantry 
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When trouble is severe and extremely rapid wheel 
flange and rail wear occur leaving the familiar trail of 
‘iron filings’ alongside the rail, the condition is known 
as ‘flange binding’ as distinct from flange rubbing 
which is a light polishing contact between the flange 
and the side of the rail and occurs during normal 
steering action. 

The change from the satisfactory flange rubbing 
action to the troublesome flange binding condition 
depends upon many factors including the hardness and 
smoothness of the rail and the wheel flange, the 
condition of lubrication between, the shape and elasticity 
of the wheel flange, the wheel layout of the crane etc. 
However, for a particular crane/gantry combination 
the onset of flange binding can, at the expense of some 
Simplification, be associated with a critical angle of 
skewness between the erane and the rail (« in Fig. 3). 
_ The author’s experience indicates that when « lies 
in the range 0-1/1000, the cranes are generally free of 
binding. In the range 1-2/1000 some flange bind and 
some do not. Above 3/1000 most cranes flange bind. 


The infinitely true crane and the infinitely true track 
do not exist ; thus the relative angle a always arises 
from some combination of manufacturing tolerances, 
wear and tear, relative thermal expansion etc. in the 
crane and gantry. For example, taking 2/1000 as a 
typical angle at which serious trouble is likely to arise, 
this can be equally made up of an out-of-alignment in 
the track amounting to ?in. over a 30 ft. girder span 
and an end-long misalignment in the crane wheels of 
4in. over a wheel base of 10 ft. In passing it is 
pertinent to comment that whereas such a track 
misalignment can be detected by eye, a careful survey 
of the crane would be necessary to detect the correspon- 
ding misalignment. 


Steering—Steel Wheel/ Rail 


It will be appreciated that the way in which the angle 
a arises and is then removed by corrective steering of 
the crane is the crux of the long travel behaviour of 
steel wheeled designs. The steering behaviour of 
E.O.T. cranes with many differing wheel arrangements 









102 


has been investigated and reported by Worthington®. 
Here, however, it is desirable to examine one or two 
points of steering theory which are crucial to the 
present-day troubles and which are completely elimin- 
ated by rubber tyred cranes. The theory applies 
equally to steel and rubber wheels but with different 
constants. 

A wheel is said to be rolling in the ‘elastic’ con- 
dition when there is one zone in the contact area which 
does not slide as distinct from the skidding condition 
where there is relative sliding over the whole contact 
area. It is convenient to think of the elastic behaviour 
in terms of an analogous model. Consider a rimless 
wheel with a large number of closely spaced spokes. 
Evidently if such a wheel, whilé rolling, is subject to 
a force in any direction the spokes will deflect elastically 
and this will alter the path along which it rolls. If 
the applied force is wholly transverse to the wheel, 
the spokes will bend laterally and its path will make a 
small angle 6 (the creep angle) to the free rolling line, 
vide Fig. 2(a) ; similarly, if the force is longitudinal to 
the wheel it will rotate by a creep angle @ as indicated 
in Fig. 2(b). A steel wheel may be regarded as equiva- 
lent to a rimless one with extremely rigid spokes, a 
rubber tyred wheel to a rimless wheel with very 
flexible spokes. 

Formulae 1 and 2 show the relationship between the 
forces and deviations from free rolling. 


PuaWCpO + - +. 
F=WCi2- - -: (2) 


where F is the applied force either transversely or in 
the direction of rolling (braking or accelera- 
tion) 


W is the load carried by the wheel 
Cy is the lateral creep coefficient 

CL is the longitudinal creep coefficient 
@ is the lateral creep angle 

@ is the longitudinal creep angle. 


For the steel wheels used on cranes we may take a 
value Cy = CL = 100 for the purpose of this discussion 


where we shall be concerned with wheels about to skid 
at small values of 0 Cy, may rise to 200. 
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Referring to Figs. 3(a) and 3(b) these depict diagram- 
matically a true four wheeled crane with one flange in 
contact with the rail at a skew angle «. Fig. 3(a) 
indicates a skewed crane approaching a straight track. 
Fig. 3(b) shows a crane approaching a kinked track. 
Since the crane can only be aware of the position of 
the side of the rail by virtue of the flange contact, there 
is clearly no difference between the two cases ; neither 
is there any difference from the general case where the 
skew angle arises from a combination of irregularities 
both in the crane and in the track. 

If the crane is steering so as to reduce the angle « 
rotating about a point X and it is assumed that the 
rail track, being completely rigid, does not deflect 
laterally then the creep angle 6 of the trailing wheels is 
given by the following formula. 





In the case of the leading wheels 0 = «. 

























mo 
In 


bec 


it: 
tha 


I 
the 
alw 
gen 
sul 
befi 
han 
ski 
dox 

| 
of t 


ram- 
nge in 
zy. 3(a) 
track. 
track. 
‘ion of 
, there 
either 
re the 
arities 


ngle « 
at the 
deflect 


ieels is 


3) 


March, 1961 


an og 























Fig. 3(b). 


it is interesting to examine the critical case in which 
all the wheels are just about to skid and the crane is 
travelling steadily without correcting, i.e. when & = 0 
and @ = a@ for all wheels. If we substitute a value of 
a = p = +2 in Formula | then we are led to a critical 
angle a = 2/1000. It will be noted that this angle lies 
in the range in which flange binding often but not 
always occurs. There is no real connection between 
the skidding of the wheel on the rail and flange binding, 
though of course they both contribute to excess power 
demands and wear and tear of the rail and wheel. 


Considering the equilibrium of the lateral forces, the 
steering force F is given by the relationship 
73=4WC,O- ; - (4) 


Considering again the limiting case where the elastic 
motion is about to give way to skidding and substituting 
in Formula 4 for Cy, 0 = u = -2 the steering force 
becomes : 

Fye=4wx-2=-8W - - (5) 
It will be noted that each wheel contributes -2 W and 
that the skew angle « = 2/1000. 


It must be emphasised that the lateral flexibility of 
the track which has been neglected in this analysis will 
always reduce the creep angle and hence the forces 
generated. Slender steel gantries may deflect 
sufficiently for the right-hand wheel flanges to contact 
before the skidding force is reached but, on the other 
hand, with a relatively rigid concrete gantry the full 
skidding condition may easily be reached if the crane 
does not stall or derail first. 

Itis interesting, therefore, toexamine the implications 
of this maximum value of steering force Fs. 


(1) If guide rollers are used then each roller assembly 
must be able to carry forces approximating to the 
wheel load W. 


The lateral forces between the rail and the gantry 
girder flange adjacent to the binding wheel 


WwW 
exceed zr: 


The racking forces on the crane bridge approach 


2 
The lateral forces exerted by the crane wheels on 


the right-hand rail approach Mt a figure which 
may be compared with a value of about -07 W 


which is allowed in the design of gantry girders in 
the current B.S.449. 


103 


Turning now to the more general condition in which 
the crane is steering, i.e. is both rotating on plan with 
an angular velocity « and accelerating about a vertical 
axis through X with an acceleration %, the general 
equation of motion is given by the relationship : 


2Ipa ee > aie 
- +(P:—Pr) +4WCy -(«4 i) = 0 - 6) 
It will be noted that the longitudinal creep coefficient 
CL does not appear in the general equation. This is 
because the tractive forces at the ends of the crane PL 
and PR are independent. If, as is commonly the case, 
one pair of wheels is linked by a cross-shaft or other 
means, the term PL minus PR is given by the following 
formula : 

WCis«@ 

ae 

It will be seen that the longitudinal creep coefficient 

now enters into the relationship. It has the effect of 

making the crane resistant to steering. Typically a 

crane may require a long travel equal to its own span 

to correct through an angle of 1/1000. 

With steel wheeled cranes there have been three 
broad lines of attack on the problem posed by the 
smallness of the critical angles :— 

(a) Large flange clearances have been used in con- 
junction with coupled wheels of varying conical 
profiles to produce a motion which is wholly elastic 
and in which the flanges rarely touch. 

(b) The use of small flange clearances on one side to 
keep the skew angle very small relying upon a 
true track. 

(c) The effective elimination of wheel flanges by the 
use of guide rollers—an approach which does not 
preclude skidding of the wheels on the rail. 

Regrettably the first approach which is the most 
soundly based theoretically has been but little applied 
and perhaps the present situation is most clearly 
indicated by the increasingly widespread use of rail 
head oilers which simply increase the critical angle « 
at which binding commences by applying lubricant 
between the flange and the side of the rail—it does 
nothing to ameliorate the effects of skidding between 
the wheel tread and the table of the rail. 

From a philosophical point of view, it is perhaps 
permissible to remark in passing that when a mechanical 
system relies for its function upon the injection of a 
lubricant at the closest possible point to the place where 
the whole system relies on friction, then surely it has 
been developed beyond its natural limitations. 


Impact Effects 

The term ‘impact’ has been used loosely to cover 
dynamic effects which increase the stresses in the crane 
over and above those which exist in the quiescent state. 
Impact due to vertical acceleration of the lifted load or, 
more particularly, the quick release of the load in the 
case of magnet cranes, is fairly well understood. At 
the low long travel speeds of gantry cranes the dynamic 
increment of the gantry due to running across the span 
is very small. The effects of ‘rail joint knock,’ 
however, are not clearly understood. 

When a wheel crosses an open rail joint a shock wave 
is generated which travels through the crane and the 
building and is followed by various parts of the structure 
vibrating at their own natural frequencies. The 
phenomenon is complex and incompletely understood. 
However, it is believed that most of the familiar wear 
and tear of crane girder diaphragms, of rail fastenings 
at girder ends, of crane wheel bearings and of axle box 
assemblies etc. are largely due to these shock waves. 


(Py Py) = ate @ 








Fig. 4. 


In modern design this is often eliminated by the use 
of continuous rails elastically mounted on a rubber pad 
and retained by special spring steel clips. The system 
is effective but involves some refinement of design of 
the gantry structure. 


Local Girder Effects 

With welded construction particularly, fatigue 
cracking under the action of repeated wheel passes in 
the region of the welded junction beween the flange and 
the web is not uncommon. Indeed, the rubber pad 
mentioned above was specifically developed to minimise 
these effects by reducing contact pressures between the 
rail and the girder. 


Rubber 
Combination 

The first rubber tyred crane illustrated at Fig. 1 has 
been in intense production duty service for over a year 
at the time of writing. There has been no trouble 
whatsoever with the long travel motion. Further, 
before it was erected development testing was carried 
out in the makers’ works using a temporary bridge, to 
confirm design parameters particularly in regard to 
steering. Fig. 4 shows the test vehicle on a kinked 
track. This experience showed that : 


(i) Troubles associated with skewing have been 
completely eliminated. 

(ii) The shock wave component of impact no longer 
exists where open joints or other track irregular- 
ities occur. 


Steering— Rubber Wheel/Gantry 

The analysis of critical features of the steel wheel and 
rail combination applies directly to the rubber tyre 
with its gantryrunway. However, whereas steel wheels 
due to their very high bearing pressures demand hard 
steel rails and this in turn renders flanges on the wheels 
a ready means of providing steering forces, the rubber 
tyred wheels can run directly on mild steel beams, 
concrete beams or even timber beams and guide rollers 
are therefore a more convenient means for providing 
steering forces. It should be added that it is unlikely 
that rubber tyred cranes will ever be built with cross 


shafts. 


Behaviour of the Tyred Crane/Gantry 


The Structural Engineer 


The major factor in considering the difference 
between steel and rubber tyred cranes is the vastly 
lower value of lateral creep coefficient. Whereas for 
steel the value lies in the range 100-200, for rubber 
tyres it lies in the range 2-6, whether these be pneumatic, 
solid rubber or solid polyurethane tyres. 

First we may dispose of the question of the limiting 
value of « at which skidding occurs. Taking into 
account the increase in coefficient of friction as compared 
with steel to steel, the critical angle with rubber tyres 
is increased by a factor of approximately 50, i.e. from 
about 2/1000 to 100/1000. 

Turning to the important questions of steering force, 
this is reduced by a factor of around 20 and the lateral 
forces on the gantry and the racking forces of the craiie 
are reduced in similar proportion. For examp'e, 
considering a rubber tyred crane working at a skew 
angle « = 5/1000, i.e. about twice the limiting figure 
for skidding with a steel wheeled crane, then the 
steering force Fs would be approximately -1W and the 
reaction on the far side of the gantry would be about 
-05W, a figure which compares comfortably with the 
normal design allowance of -07W. 

In short, the troubles arising from practical limits 
of accuracy in building and maintaining the crane and 
the gantry in effect disappear with rubber tyres. 

This tremendous reduction in steering forces has an 
important implication in regard to the reliability of 
the crane asa production unit. With present-day crane 
and gantry designs, the guide roller system is quite 
capable of handling the forces which arise when the 
crane is being driven entirely from one end carriage. 
The implication of this is that if independent drive 
motors are used then a breakdown in one motor does 
not put the crane out of action. Indeed the top long 
travel speed is reduced but little though, of course, the 
acceleration is approximately halved. 


Impact 

An important parameter in considering the impact at 
an open joint is the ratio of the bearing length of the 
wheel to the width of the gap. Typically with a steel 
wheel crossing an open joint of about ¢ in., this ratio 
may be about 3. With a rubber tyre with a contact 
length of about 5in., even if we assume a }in. gap 
which may be convenient for gantry construction the 
ratio increases to 10. 

As has been previously commented, the transmission 
of the shock wave is not fully understood. However, 
accelerometer readings taken on a steel wheeled crane 
running across open rail joints which was subsequently 
converted to rubber tyred running showed a diminution 
of peak acceleration from 10g. to -Olg. i.e. a factor of 
1000 in the intensity of the shock wave. The accelero- 
meter was placed on the end carriage adjacent to the 
axle box where large shock wave effects were to be 
expected. 


Present Limitations on Rubber Tyred Cranes 
With a far-reaching development involving many 
changes in design it may be misleading to indicate 
limitations. in the interval of time between writing 
and publication, some limitations may well disappear. 

On the other hand, many crane applications have yet to 

be considered in detail and new limitations may appeat. 

However, for the present the following seem to limit 

the application of rubber tyres :— 

(a) For the ordinary run of rubber tyres we may 
regard 150°F. as being the sustained gantry 
temperature at which difficulties due to over- 
heating may begin to arise. For hotter gantries 
special rubbers may be necessary. 
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(b) At present rubber tyred cranes are somewhat 
more costly than their steel wheeled equivalents 
but the gantry on which they run is cheaper. 
Thus in situations where fast, reliable long travel 
is not an overriding production requirement, the 
overall capital cost becomes the deciding factor. 
For any crane and gantry combination there is a 
break-even length of building per crane beyond 
which a rubber tyred scheme is better. Present 
indications are that this break-even length lies in 
the range 100-300 ft. 








Fig. 5. 


Present and Future Trends 

Crane design, gantry girder and building design and 
the planning of industrial schemes of all kinds will be 
affected by the change to rubber tyred cranes. 

Each aspect will be dealt with separately though 
it is emphasised again that they are all closely inter- 
linked in the general problem of providing the fastest 
and most economical production flow. Broadly those 
changes which have already taken place, or are about to, 
are dealt with towards the beginning of each section 
ope the ones in the more remote future come towards 
the end. 


Crane Design 

With the elimination of the crane rail, steering will 
generally be by guide rollers. The design criteria for 
production cranes will often be the dead motor case, 
1e. the forces generated when the crane continues to 
tun with the motor on one side out of action, the drive 
being completely from one end carriage. 
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Where guide rollers are undesirable, for example for 
steering cranes along tracks which are expected to 
become very much out of alignment due to foundation 
movements etc., then electrical steering using a simple 
sensing device independently controlling the motors 
in each end carriage will probably be used. 

With regard to the design of end carriages, in most 
cases the flexibility of the rubber tyres will prove 
sufficient to eliminate the need for balancing bogies. 
Further, since extreme accuracy of individual wheel 
axle alignment will no longer be necessary, simpler 
structural and mechanical arrangements of overhung 
axles such as those illustrated at Fig. 5 may predomi- 
nate. 

There are several factors connected with the rubber 
tyred crane which, taken together, will probably lead 
to lighter cranes. . 

(1) The elimination of the shock wave will lead to 

lighter axle and end carriage assemblies. 

(2) Smooth and reliable long travel will result in 
long travel motors of lower rating and therefore 
less weight. 

Long travel motors will generally be mounted on 
end carriages leading to a reduction in structural 
weight of the bridge. 


Elimination of balancing bogies in many cases. 


The habit of looking at the overall economy of 
the crane and the gantry together will undoubtedly 
lead to lighter cranes for long gantry structures. 


The improved long travel motion coupled with the 
increase in coefficient of friction between the wheels 
and the track by a factor of nearly 5 in the case of 
dry rubber on concrete, will lead generally to higher 
long travel speed. The present fast long travel crane 
moving at around 450 ft. per minute or approximately 
5 miles per hour may well travel at 2 or even 3 times 
this speed. Braking, accelerating and hoisting speeds 
will all be correspondingly increased to provide a 
harmonised production cycle. 

In parallel with the foregoing development we shall 
probably see a trend towards the stiff-masted type of 
crane and also new methods of controlling load swing. 
Further we may expect more emphasis on the existing 
trend to design crane controls on ergonomic principles. 

Goliath cranes which have hitherto been used for 
production mainly on the cross-travel motion on 
account of the difficulties of fast and reliable long 
travel motion, will change over largely to rubber tyres. 
The flexibility of the tall structure will not upset the 
steering properties while long travelling, neither will 
it suffer from the relatively small steering forces 
should guide roller systems be used. Where electrical 
steering is used it can be foreseen that with the relatively 
small forces involved it would be an easy matter to 
make cranes which will go round corners where the 
planning requires this. Further, due to the very much 
higher value of p it will be possible to make cranes 
which will climb gradients where the layout and site 
demand this. 


Gantry Buildings 

In crane gantry buildings many changes in design 
can be foreseen with the advent of rubber tyred cranes. 

The crane rail and its fastenings will be eliminated 
and this will solve a particularly difficult problem in 
the case of concrete buildings with concrete gantries. 

Simpler and more economic designs of gantry girder 
supports, diaphragms etc. will be feasible since a small 
gap between the ends will not matter and small 
differences of level can be tolerated. 
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Cantilevered wheels will tend to reduce eccentricity 
of crane loads to the column and may lead towards 
greater use of single legged building columns—possibly 
extending the use of heavier rolled sections. 

Foundations will no longer be designed with a view 
to limiting column head movement as at present. In 
some cases this will mean the elimination of piles with 
consequent cost savings. 

Rather simpler and cruder structural forms such as 
the upward extension of the piles to carry precast 
beams may evolve or again broad flange beams may be 
used to support the rubber tyred crane directly with 
little or no futher fabrication. In general the increased 
tolerances permissible in the building will not be used 
to allow inferior workmanship with existing methods of 
construction but rather to encourage the development 
of simpler and cheaper constructions. 


The Planning of Industrial Schemes 


The advent of rubber tyred goliath cranes suitable 
for fast and reliable long travel in production and also 
capable of running on tracks which may settle or move 
laterally will greatly influence the planning of such 
facilities as steelworks slab yards situated on weak 
ground. The overhead gantry and its supporting 
foundation work which at present poses a difficult design 
problem will give way to goliath cranes running on a 
simple flexible ground track. In this connection, 
design studies already indicate possible overall capital 
savings of the order of 25 per cent. é, 

In many installations the greater overall reliability 
in long travel of the rubber tyred E.O.T. crane and in 
particular its ability to carry on with one dead motor, 
may remove the need for stand-by cranes. Ifa break 
of an hour or so in production is tolerable, then a 
single rubber tyred crane with a spare hoist crab 
housed in a maintenance loft above may provide an 
adequate substitute for two steel wheeled cranes. 

In schemes where it is desired to provide the maximum 
of flexibility for future alterations in plant layout, there 
will be a case for using rubber tyred goliath cranes 
running on the ground within the building and steered 
electrically by a sensing device following buried cables 
—thus removing the limitations imposed by internal 
lines of building columns. From the structural point 
of view this also leads to the intriguing possibility of 
very large span buildings probably using high tensile 
steel but being completely divorced from the cranes— 
large hangar types of building in effect. 

Steering goliath cranes fed by overhead wires 
(trolley bus fashion) capable of moving out of one 
building and into another and of travelling round 
corners, and also of climbing gradients lead to many 
possibilities for more compact planning in industries 
where relatively heavy loads have to be moved at 
somewhat infrequent intervals. In this context we 
may refer to the President of the Iron and Steel 
Institute’s lecture* to the 1960 joint meeting with the 
Italian Institute of Iron and Steel in which he prophesied 
that steelworks of the future will largely eliminate 
railways. Road transport will be widely used and in 
general rubber tyred transfer equipment will play an 
Increasing part. 


Conclusions 


A radical change of this kind has far-reaching effects 
with many ramifications, several of which have not 
been explored in this paper; thus while some firm 
conclusions can be drawn, others are tentative. For 
the short term the author would offer the following 
conclusions with confidence. 





The Structural Engineer 


Many production E.O.T. crane/gantry combina- 
tions in warehouses, mill bays etc. which are now 
difficult and costly to keep up to the demands of 
their duty can be readily modified to give fast 
trouble-free long travel motion by the substitution 
of rubber tyred end carriages and the modification 
of the gantry to suit. 

In many buildings where structural steel is the 
natural choice, considerable economies can be 
effected by the greater simplicity of construction. 

Where concrete (precast or in-situ) seems the best 
structural material for industrial buildings, its use 
need not now be inhibited by the technical difficulties 
of crane rail mounting etc. 

In any form of building the demand for immovabil ty 
of the foundations will be less stringent—the demar ds 
of the gantry track being no longer the govern ng 
factor. In cases where this makes the difference 
between piled and unpiled foundations large cost 
savings will result. 

For the long term, the author concludes the following 
are probable trends :— 

Fast goliath cranes suitable for running on 
displaced and undulating concrete ground tracks 
will virtually oust the conventional gantry in open 
yards carrying heavy loads on weak ground (such 
as many steelworks slab yards) by virtue of their 
reliability in operation. They will also be used in 
many installations where, by the elimination of a 
long gantry structure, they may offer substantial 
capital savings on the scheme as a whole. 

The potential availability of rubber tyred goliath 
cranes which can steer, travel from one building into 
another and climb gradients will give those concerned 
with the planning and plant layout of industrial 
schemes two additional degrees of freedom and will 
inevitably result in some important changes which 
cannot now be clearly foreseen. The elimination of 
rail tracks and the closer grouping of buildings, 
however, appear likely. 

Taken together, the foregoing conclusions amount to 

a change in the ‘rules of the game’ in the interests of 
performance and overall economy. As with other 
fundamental developments, a host of present technical 
troubles will be swept to one side but new ones will 
undoubtedly be encountered. However, the author is 
firmly convinced that if industrialists, the designers of 
cranes and the designers of industrial buildings pull 
together, these will be readily overcome and exploitation 
of this British development will proceed rapidly and 
smoothly to the benefit of all. 
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Reconstruction of Floors in Victoria Tower 


Houses of Parliament * 


by R. W. Frost, A.M.I.Struct.E. + 


Synopsis 


This paper describes how the accommodation in the 
Victoria Tower has been increased, without appreciably 
increasing the load on the walls and foundations by 
the removal of a number of floors carried on cast-iron 
beams and columns and their replacement by a larger 
number of floors of modern construction. 

The Victoria Tower, which is approximately 300 ft. 
high, is located at the south end of the Houses of 
Parliament. It contained a number of floors con- 
sisting of stone slabs and brick jack arches carried by 
cast-iron beams which took bearing on the thick 
external masonry walls and were supported internally 
on No. 8 storey-post. cast-iron columns. The top 
hamper carrying the flag mast and its mountings com- 
prises a cast-iron framework with solid interlocking 
cast-iron plates for roof cladding. 

The carrying capacity of these floors was very 
restrictive due to the dead weight and to the limiting 
strength of the cast-iron supports. A primary limiting 
factor to the load capacity of the floors was that the 
eight cast-iron columns ultimately delivered their load 
on tocast-iron beams located just above the Sovereign’s 
Entrance. These beams were highly stressed and the 
new steelwork was designed to relieve them of some of 
their load. 

It was decided that the floor capacity could be 
greatly increased, that the main cast-iron girders at 
the low level could be relieved of much of their load 
and that a better distribution of load on the masonry 
could be effected by removing some of the old floors 
completely and replacing them with floors in modern 
construction. In fact it was found possible to replace 
four old floors by seven new floors without appreciably 
increasing the stresses in the fabric of the Tower. 

Since it was required to deal with the top four floors 
only, it was decided to work downwards from the top 
and the first operation was to carry the whole of the 
top hamper (weighing 270 tons) by new steelwork at 
level M (Fig. 1) designed to take the load from the top 
lengths of the cast-iron columns. 

The new steel girders at this level were designed to 
span the Tower diagonally in pairs and to deliver their 
load to the solid masonry corners of the Tower (Fig. 2). 

They were each 72 ft. long overall and 4 ft. 6 in. deep 
with 16in. X 1} in. flange plates and a # in. thick web 
(Fig. 3). The centre cross-grid was prefabricated in 
the shops and the whole assembly was butt welded 
together in-situ. (Fig. 4). 


* Crown Copyright Reserved. 


t Mr. Frost is a Senior Structural Engineer in the Chief 
Structural Engineer’s Branch of the Ministry of Works. 
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Fig. 1.—Section through Victoria Tower 
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Fig. 2.—Steelwork at M level. 


The only access to the scene of operations was through 
a hole 6 ft. 6 in. diameter (Fig. 5) through the crown of 
the main vaulting arches 50ft. Oin. above the 
Sovereign’s Entrance. This limited the size of pieces 
which could be handled and so influenced the design 
of the girders. Nevertheless, it was possible to hoist 
the centre grid intersection piece for M level steelwork, 
which weighed 1} tons, and also the 31 feet long plate 
girders which weighed 3 tons each. 


a 


Fig. 3.—“‘M” Steelwork assembled in contractor’s 
yard. 
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Fig. 4.—“‘M” Steelwork in position. 


Fig. 5.—Access over Sovereign’s Entrance 
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Fig. 6.—Load transfer procedure. 


Fig. 7.—Jacks forcing horizontal wedges under sole 
plate of column corsetting. 


Fig. 8—“‘K” Floor steelwork assembled in 
contractor’s yard. 


The method of transferring the load from the eight 
cast-iron columns carrying the cast-iron roof structure 
and flagstaff mountings was as follows :— 

Between the underside of the existing floor at level 
M and the top of the new girders, reinforced concrete 
corsetting 3 ft. 14in. square and 8 ft. 6in. long was 
constructed around each of the eight columns (Fig. 6). 
These were provided with thick steel sole plates to 
enable each concrete encasement to be wedged up from 
the pairs of secondary girders spanning between the 
diagonal main girders. Provision was made to pick 
up the load by driving wedges horizontally by means 
of hydraulic jacks. (Fig. 7). Sixteen jacks were used 
and by synchronizing them it was possible to relieve the 
cast-iron columns of load below the new steelwork and 
so release the dowel and socket joint in the columns at 
existing level H. This permitted the columns to be cut 
away by burning immediately below the corsetting. 

The steel wedges were each 51 in. long and 8 in. wide 
machined to a taper of 1 in 20 and banked in groups of 
three at each of the sixteen positions, there being two 
positions for each column. All the wedges were 
matched and marked at the works. The hydraulic 
jacks were positioned to thrust the middle wedges of 
the three at each position horizontally against steel 
chocks welded to the top flanges of the secondary 
girders. To prevent translation of the complete 
assembly ‘ keeper’ plates were included in the design. 

Visual verniers were fixed to each wedge group to 
indicate the vertical lift in terms of horizontal move- 
ment as the wedges were driven. In addition, 
deflectometers were fixed underneath each position 
and also under the centre of the main beam intersecting 
grid in order to observe the deflections of the new steel 
as its load increased. 

It was not considered necessary to be meticulous 
about synchronizing the lifting at the eight positions so 
long as the simultaneous lifting was controlled within 
reasonable limits. The sixteen jacks were operated by 
four men, each one attending to two positions (i.e. four 
hydraulic jacks). There were also observers who 
watched the movement of the deflectometers below 
and a pre-arranged system of signalling was adopted. 

















Fig. 9.Plan of typical floor 
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The load transfer operation was completed in a day 
and the measured deflection at the centre of the new 
steel grid was 1-72 inches when all eight columns were 
‘just free’ at their lower sockets. This was in good 
accord with a calculated deflection of 1? inches. The 
maximum thrust on any jack was 7} tons. 

Whilst all the foregoing operations were under way, 
the steelwork for floor K was being erected but was of 
a different pattern to the steelwork above (Fig. 3). 
It comprised an inter-grid system of beams welded 
together and designed to deliver the floor load to the 
four corners of the Tower (Fig. 9). 

All intersection junction pieces were prefabricated at 
works and the whole assembly was butt welded in 
position. The steelwork for all floors was similar and 
the remaining floors H, G, E, L, J and F proceeded in 
that order. 

All steelwork was protected against fire by encasement 
comprising a vermiculite rendering applied to expanded 
metal by pneumatic process. 

The new flooring system consists of hollow-biock 
concrete slabs of conventional type. 
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Book Reviews 


A Course of Reinforced Concrete Design, 3rd Edition, 
by T. J. Bray. (London: Chapman & Hall, 1960). 
10 in. 6} in., 290 + xii pp., graphs, charts and 
diagrams. 63s. 

This new edition has been entirely rewritten so that 
the book shall conform to the requirements of the 
British Standard Code of Practice C.P. 114: 1957, and 
thus provision has been made in the text for the use of 
lower stresses where required. The book, which 
evolved from a course of lectures, has been found to be 
a reliable textbook for students of reinforced concrete 
and a useful work of reference for the young structural 
engineer. Only an elementary knowledge of the theory 
of structures and mathematics is assumed and the 
treatment has been kept as simple as possible. The 
volume is well illustrated with diagrams, and graphs 
are placed at the end of the work for easy reference. 


Constructional Steelwork Simply Explained, 4th 
Edition, by Oscar Faber; revised by John Faber. 
(London : Oxford University Press, 1960). 
8} in. x 5}in., 123 + vii pp. 16s. 6d. 

A new edition brings up-to-date this elementary 
textbook, written for the use of students, draughtsmen 
and assistants interested in the design of steelwork. 
It now conforms to the British Standard Specifications 
449 : 1959, “ The Use of Structural Steel in Buildings ” 
and 15: 1948, ‘Structural Steel,”” Amendment 1, 
1959. The fundamental principles are not changed, 
only simple artithmetic is used and there are no 


complicated formulae, but the order of approach has 
been changed to give a more logical sequence. The 
permissible stresses have been revised and are demon- 
strated in new practical examples, high strength 
friction grip bolts, broad flange sections and universal 
beams are described, and more attention has been 
given to welding. New diagrams have been prepared 
throughout. 


Estimating for Building and Civil Engineering Works 
for the Use of Builders, Public Works Contractors, 
Architects, Civil Engineers and Surveyors, 2nd Edition, 
by Spence Geddes, Revised by E. Drury (London: 
George Newnes, 1960). 10in. x 7}in., 472 + x pp. 
63s. 

This is a comprehensive book on estimating and 
tendering for the construction of building and civil 
engineering works in which the different methods of 
tendering and of compiling estimates are fully covered, 
including the “Bill of Quantities,” ‘‘ Schedule of 
Rates’’ and “Cost Plus” forms of tender. In this 
edition, the prevailing rates, taken wherever possible as 
a round figure, have been substituted for those given in 
the first edition. The worked examples are, howev-r, 
only given as a guide to the method of calculation, 
since, of course, rates of labour and costs of materials 
are constantly changing. 

The various trade sections are given in alphabetical 
order for easy reference, and a detailed index is 
provided. Two sections covering weight of materials 
and useful tables complete the volume. 
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Written Discussion on the Paper by 


E. H. Bateman, M.A., B.Sc., Ph.D., M.I.Struct.E., M.I.C.E., A.M.I.Mech.E., F.R.Ae.S. 


Mr. P. A. CAMPBELL (Associate-Member) referred to 
the Author’s suggestion that the Institution should not 
exclude from membership potential designers who may 
have a low mathematical ceiling and to his remark 
that a talent for design in the sense of creative invention 
rather than analytical refinement is often incompatible 
with a talent for mathematics. The latter was very 
true and he thought the Author would agree that those 
with a talent for design and a low mathematical ceiling 
should follow an architectural rather than a structural 
engineering career. 

One of the activities of the structural engineer was 
to make things stand up—things designed by “‘ designers 
with a low mathematical ceiling.’”’ and he wondered 
how many structures never saw the light of day on 
account of the mathematical limitations of the designer. 

Whilst he would like to see pure design as a part of 
the syllabts of the Institution’s examinations, he 
thought that this should not be at the expense of one 
of our main tools—mathematics. 


Mr. S. DIVAKARAN (Associate-Member), commented 
that Dr. Bateman had very candidly brought out the 
‘ritualistic ’ approach to mathematics that was widely 
prevalent in the United Kingdom. It would be of 
interest to the Author to know that, in India, they 
were ultra-ritualistic (if he would like so to term it), 
probably because of their deep seated belief in ritual- 
istic religion! The mathematical processes and artifices 
were gone through with the same thoroughness and 
ardour as were the Vedas or the Upanishads. Their 
Honours and Master’s courses in mathematics covered 
Fourier’s series, Heaviside operational calculus, infinite 
series, statistics, and fundamentals of the Theory of 
Elasticity. Very great proficiency could be found 
among students and professors expressing a given 
function as a Fourier’s series or an infinite series, but 
when it came to devising the function from the basic 
physics and mechanics, they (professors and _post- 
graduate students alike with very rare exceptions) got 
stymied and could suggest nothing at all. As such, 
research in applied mathematics was unknown in his 
country. Since the teaching of mathematics, even 
in engineering institutions was done by the mathema- 
ticians, they developed the same stereotyped approach 
—lacking the virility of original thought and application. 
That was why, probably, they cut sorry figures while 
in the engineering faculties in the United Kingdom, 
the Continent, or the United States. 

The following extract from Dr. Bateman’s paper 
deserved to be kept framed up in the mathematics 
faculties of many of their Universities. 


“Conventional methods of mathematical teaching 
are often unnecessarily abstract, indirect, and artificial ; 
they may to some extent be responsible for the admitted 
mathematical difficulties of many engineering students.”’ 
4 

* Published in “ The Structural Engineer,” Vol. XXXVIII, 
No. 4, pp. 123-8, April 1960. 


Viewing from this angle, he doubted that the 
introduction of a paper in mathematics in the 
Institution’s examinations would help in fostering an 
applied bias. On the contrary it would put a premium 
on memorising mathematical tricks and.subtleties. 
Surely the Indian candidates would outshine others 
in this paper, though many of them would get bogged 
down when it came to the arduous design paper ! 

He suggested the Institution might publish this 
paper with subsequent discussion in a booklet form to 
be widely circulated amongst the Commonwealth 
Universities. 


Mr. C. N. L. van HuyssTEEN (Associate-Member) 
wrote that the Author dealt with a most vital subject 
as far as the academic education of the structural 
engineer was concerned, both in undergraduate as well 
as graduate and postgraduate work. This claim was 
based on the opinion that the greatest service that the 
structural engineer could render to mankind was his 
ability to preoccupy himself with continual and 
devoted research to solve the many problems that were 
still confronting us. This was our obligation to help 
in the building of a better world. 

The manipulation side and its reflection in the 
mathematical syllabus as such was imperative. The 
life of the surveyor would have been intolerable should 
he have had no knowledge of trigonometry and the 
relevant manipulations. But more important than 
this was the logic of the mathematical and systematical 
deductions that should be paramount to the student. 
It was most important that we should express ourselves 
very clearly in any field. The medium of expression 
would differ from group to group. The structural 
engineer might find himself incapable of appreciating 
the physical side of a certain problem at some time 
during his professional career due to a lack of logical 
formulation. Therefore it was so important that after 
conceiving a problem it should be postulated in a 
most logical fashion. Then only could further deduc- 
tions be made, and eventually a valuable solution be 
comprehended. The medium at the disposal of the 
structural engineer was no doubt mathematics, In 
practice and research engineering, intuition did play 
and was still playing a most vital role, but there were 
many branches in structural engineering where it 
was idle to pretend that engineering intuition could 
help. Therefore, the foundation for the manipulation 
side should be a sound one, but the foundation laying 
at the basis of these manipulations should be a better 
one. 


Mr. J. W. Fortey (Associate-Member), expressed 
his surprise when he had read Dr. Bateman’s paper. 
The attitude that the (structural) engineer could only 
absorb a limited amount of mathematical knowledge 
should have died a natural death a long time ago, 
and the classification of mathematical ability of 
structural engineers into ‘have’ and ‘ have not’ was 
also unwarranted and unfortunate. The electrical 
engineer needed and received a considerable background 
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of mathematics in order to utilise modern electrical 
theory and the structural engineer was basically just 
as capable of reaching an equal ‘ mathematical 
ceiling.’ Unfortunately, there was still a tendency 
in some quarters to include only the minimum 
mathematical content, (whatever that might be) in a 
structural engineering course. 

In many branches of structural engineering science, 
progress would depend, and was depending, on the 
application of mathematical methods. In particular, 
the use of computers required that the mathematical 
background of the engineer should be increased rather 
than decreased. The comment that the object of 
the mathematical education need not include the 
know-how of detailed application was short sighted, 
and was one of the main reasons for the gap which 
existed between practical engineers and the mathe- 
maticians. Mathematics provided excellent training 
for the engineers but it was not an end in itself; they 
must be encouraged to use all the mathematics they 
had available in their engineering applications. 

The writer was at a loss to understand the purpose 
of the mathematical manipulation carried out in the 
paper under the guise of determining the nth. roots of 
a number. Surely this was a supreme example of a 
“red herring’ previously mentioned. 

Moving on, we found that the ancient and hoary 
spectre of the ‘imaginary’ was not allowed to rest. 
It was quite true that the original concept of this 
quantity had been the subject of difficulty to many 
engineers, even into the early part of this century, 
but surely Dr. Bateman would agree that with the 
modern approach, any difficulty in that connection 
was easily and rapidly overcome. The idea of infinity 
was considered and successfully. confused in the 
article. The side issue of the oscillating infinite series 
contributed nothing to the clarification of the idea 
of infinity mentiened. 


Dr. GEOFFREY Brock remarked that it was interest- 
ing to find that the place of mathematics in engineering 
was again under discussion, this time from the stand- 
point of the structural engineer. Dr. Bateman’s paper 
related mainly to study and examinations rather than 
to use in practice. This distinction seemed significant, 
because it was apparent that many engineers made 
little use of mathematics in the course of their work, 
except for elementary computation. It followed that 
the compulsory inclusion of more advanced mathematics 
in our engineering syllabuses might be regarded to 
some extent as an initiation rite, designed to test the 
wits and perseverance of the aspirant. Once he had 
successfully braved this ordeal by examination, he 
might close his mathematics books for the last time 
with profound relief. An awareness of the existence 
of this state of affairs probably lay behind the plea 
that failure to perform satisfactorily in purely mathe- 
matical studies should not be the sole reason for 
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withholding the cachet of Institution membership. It 
might also be responsible for the non-mathematical 
nature of those B.S. Codes of Practice written for thie 
guidance of chartered structural or civil engineers. 

The practical purpose of an engineer’s technical 
education was to enable him to understand and control 
the forces of nature, in the widest sense of the term. 

Mathematics could be a valuable aid in this task, 
but failing this it was of no particular engineering 
significance. The acquisition of a mathematical educa- 
tion for its own sake should not be regarded as part of 
an engineering training, but rather as a part of the 
more general education which was its essential compie- 
ment. The constitution of this whole education should 
admit of considerable variation between individual's, 
For too long our qualifying bodies had sought to force 
every engineer into the same rigid mould. The value 
of the profession to society in general would be enhanced 
by the more catholic outlook which would follow from 
the encouragement of more individual development. 
There had seldom been a serious shortage of engineers 
with a strong mathematical bias; to provide a more 
balanced consensus of engineering opinion we needed 
to increase the number with a more developed human 
interest. 


The AUTHOR, in reply, thanked the contributors for 
an interesting discussion. Since it covered the whole 
spectrum of comment, from eulogy to condemnation, 
it might be assumed to form a fair sample of the 
reaction of the whole readership of his essay. 

He did not propose to comment in detail on the very 
interesting observations made in the discussion, since 
to do justice to the exposition of his own case he would 
need to prepare another paper. By developing only 
one theme from each contribution, the section headings 
for a second essay would be as follows :— 


1. On the difference between the mathematics 
required to construct a Code of Practice and that 
required for its interpretation. 

An ideal for the teaching of mathematics in 
Commonwealth Universities. 


3. How to build a better world. 


4. On the 
progress : 

5. A justification for the non-mathematical nature 
of those codes of practice written for the guidance 
of Chartered Structural Engineers. 


bo 


origins of structural engineering 


design or analysis ? 


Having so recently been accorded the privilege of 
publication in the Journal, for the advancement of 
opinions rather than statements of the facts of con- 
struction or analysis, he would forbear to ask for 
further space for the discussion of what must, for some 
years or decades, continue to remain a controversial 
topic. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, 26th January, 
1961, at 5.55 p.m. Lt.-Colonel G. W. Kirkland, 


M.B.E.(Mil.), M.I.Struct.E., M.I.C.E. (President) in 
the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred 
to when consulting the Year Book for evidence of 
membership. 


STUDENTS 


ALDRED, Andrew Charles, of Radcliffe, Lancs. 
DASCOMBE, Brian, of Cardiff. 

Hiceins, Roy, of Lymm, Cheshire. 

KENNY, Bernard, of Bolton, Lancs. 

REED, Thomas Walter, of Gateshead, Co. Durham. 
SCHOFIELD, John, of Westhoughton, Nr. Bolton, Lancs. 
SmitH, David Lawrence, of Auckland, New Zealand. 
STRONG, Anthony Kerr, of Woodthorpe, Nottingham. 
Tan Jin Tun, of Selangor, Malaya. 

TANT, Roger, of London. 

TREVELION, Derek Francis, of London. 

VEALE, Peter John, of London. 

VoLLANs, Keith, of Bolton, Lancs. 

WiLp, Brandon Thomas, of Radcliffe, Manchester. 


GRADUATES 


ALNEIDA, Hubert Joseph, B.E., of Bombay, India. 

BEACH, Neville Bertram, B.E., of London. 

BISSEKER, Peter John, of Birmingham. 

CALLAGHAN, Brian Frank, of Stockport. 

CHAN HEE YUEN, of Singapore. 

CHRISTIANSEN, Albert, of Birkenhead. 

CoTTERILL, Harold Matthew, of Tibshelf, Derby. 

Cox, George V. B.Eng., of Nassau, Bahamas. 

GILCHRIST, James, B.Sc., of Wirral, Cheshire. 

Hunt, David Charles Gowar, of Hamble, Hants. 

HunTER, Gordon Whyte, of Carluke, Lanarkshire. 

JHAVERI, Sanat Chimanlal, B.E., of Bombay, India. 

Jones, Stanley, of Timperley, Cheshire. 

McNuLty, Oliver, of Manchester. 

MARATHE, Krishna Ramchandra, B.E., of Maharashtra 
State, India. 

MassanD, Nanik Pribhdas, B.E., of Glasgow. 

MuKHOpPADHIYA, Ashoke Kumar, B.E., of Glasgow. 

NalsH, Roy Crofton, of Bristol. 

NAPTHINE, Robert, B.Sc., of Merstham, Surrey. 

PRINCE, George Arthur Joseph, of London. 

Pryce, Kenneth John, of Belfast. 

RAMACHANDRAN, Narayanan, B.Sc., of Ahmednagar, 
India. 

SLADE, Harry Jerrold, of Edinburgh. 

SPASHETT, Raymond Leslie, of Beckenham, Kent. 

STRONG, Malcolm Henry, of Chesterfield. 

Tan CuHuAN Hino, of Singapore. 

Tyact, Udaya Vir Singh, B.Sc., B.E., of Bulandshahr, 
U.P., India. 

Waker, Keith Brian, of Sale, Cheshire. 

Wyman, David Robert, of Woodthorpe, Nottingham. 


ASSOCIATE-MEMBER 
Bivij1, Abbas Tayebji, B.E., of Bombay, India. 


MEMBERS 


ASHFORD, Douglas Walter, of London. 
Wacker, Robert, of Paisley, Renfrewshire. 


TRANSFERS 


Students to Graduates 
DorBER, Peter Alan, of Sale, Cheshire. 
Tuomas, William Hope, of Bolton, Lancs. 
Graduates to Associate-Members 
CROSSLEY, Brian, of Eccles, Nr. Manchester. 
Crow, Patrick Lewis, of Farnham, Surrey. 
FAGAN, John George, of Wellington, New Zealand. 
LaurotA, Pramod Krishan, of Jaipur, India. 
Associate-Members to Members 
BoLsovER, Roy, of Birmingham. 
Brown, James Archibald, B.Sc., A.M.I.C.E., of Glasgow. 
Dickinson, Walter, of Southport, Lancs. * * 
FISHER, Richard Arnold, M.I.C.E., of Hull, Yorkshire. 
Lovejoy, Edward Geoffrey, A.M.I.C.E., of Sutton, 
Surrey. 
Wyatt, John Alfred, B.Sc.(Tech.), A.M.I.C.E., of 
Stockport, Cheshire. 
Associate-Members to Retired Associate-Members 
GEARY, Major Edward William, R.E.(Ret.), A.M.I.C.E., 
of Bournemouth, Hants. 
STEWARD, Ernest Roderick, of Swansea. 
Members to Retired Members 
KARMAKAR, Taraprasanna, of Serampore, Via 
Calcutta, India. 
LuYKEN, Alfred Reginald, of Amersham, Bucks. 
PHILPOT CURRAN, Cyril Robert, M.B.E., of Honiton, 
Devon. 
OBITUARY 
The Council regrets to announce the death of 
Keki Cooverji WADIA (Member). 
RESIGNATIONS 
Notification was given that the Council had 
accepted with regret the resignations of Daniel 
BALLANTYNE, Colonel Charles Clarence CHESTER, R.E., 
and Frank PuGH (Associate-Members). 


FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 
Thursday, 9th March, 1961 
Ordinary Meeting at 6 p.m., when Professor S. R. 
Sparkes, M.Sc., Ph.D., M.U.Struct.E., M.I.C.E. 
(Member of Council) and Dr. J. C. Chapman will give 
a paper on “ Model Methods, with particular reference 
to Three Recent Applications in the Fields of Steel, 
Composite and Concrete Construction.” 
Thursday, 23rd March, 1961 
Ordinary General Meeting for the election of 
members, 5.55 p.m., followed by an Ordinary Meeting 
at 6 p.m., when Mr. E. M. Lewis will give a paper on 
“ Rubber Tyred Overhead Cranes—Their Influence on 
the Design of Industrial Buildings.” 
Wednesday, 12th April, 1961 
An additional Ordinary Meeting of the Institution 
has been arranged and will be held at 11, Upper 
Belgrave Street, London, S.W.1., on Wednesday, 12th 
April, 1961, at 6 p.m., when a paper on “ Structural 
Engineering in Nigeria ’’ will be given by Mr. A. Brimer, 
A.M.I.Struct.E., (Honorary Secretary of the Nigerian 
Section and the Institution's Representative in Nigeria), 
Thursday, 27th April, 1961 
Ordinary General Meeting for the election of members, 
5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Professor Dr. Ing. Konrad Sattler will give a 
paper on “ Composite Construction in Germany.” 
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Thursday, 25th May, 1961 


Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by the Annual General Meeting at 
6 p.m. 

Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


EXAMINATIONS, JULY, 1961 


The Examinations of the Institution will next be 
held in the United Kingdom and overseas on the 
llth and 12th July, 1961 (Graduateship) and the 13th 
and 14th July, 1961 (Associate-Membership). 


DRURY MEDAL AWARD—1961 

The alternative subjects for this the eighth Competi- 

tion, are a pipe-bridge and a petrol service station. 

Graduates and Students of the Institution not 

over 27 years of age are invited to apply for full 
details to the Secretary, envelope to be marked in 
the top left-hand corner ‘ Drury Medal Award.’ 

The closing date for the competition is October Ist, 

1961. 

The general conditions of the competition are as 

follows : 

(a) The competition shall be for Graduates and 
Students of not more than 27 years of age. 

(b) The subjects of the competition will be designs 
of a structural character, that is to say, involving 
structural des'gn rather than planning. 

(c) The subjects cf design and the conditions shall 
be prepared and issued biennially. 

(d) A Jury shall be appointed to examine the work 
submitted and to interview candidates if found 
necessary. 

(e) In order to ensure that the design submitted is 
the unaided work of the competitor, the drawings, 
calculations, etc., submitted shall be endorsed 
by the candidate: “I declare that the work 
I hereby submit is my own unaided work.” 
The declaration shall be signed by the competitor, 
and be either countersigned by a corporate 
member, or be certified as made before a Justice 
of the Peace, or a Commissioner for Oaths. 


REPRESENTATION 


The Council have appointed the following Institution 
Representative : 
Darlington College of Further Education—Mechanical 
and Production Engineering Advisory Sub-Committee : 

Mr. J. L. J. PARISH. 
ENGINEERING MARINE WELDING AND 

NUCLEAR ENERGY EXHIBITION 

The Directors of the above Exhibition, which will be 
held at Olympia from the 20th April to the 4th May 
1961, have invited all members of the Institution to 
pay an official visit to the Exhibition on Tuesday, 2nd 
May 1961. A ticket of admission, which may be used 
for the official visit or on any other single day, is 
enclosed with this issue of the Journal. 


JOURNAL CASES AND BINDING, 1960 


A binding case can be supplied for the twelve issues 
of the Journal, January-December, 1960 (Volume 38), 
price 12s. 6d. including postage. The price for binding 
in half-leather, inclusive of packing and postage, is 
31s. Od,.per volume. 
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It is requested that all parcels containing Journals 
forwarded for binding should bear the name and 
address of the sender and must be despatched to reach 
the Institution by the 28th April, 1961. 

An index will be included in all bound volumes. 

Members making their own arrangements for binding 
may obtain a copy of the Index upon application to 
the Secretary. 


ADDITIONS TO THE LIBRARY 


American Institute of Steel Construction, Plastic Design 
in Steel, New York, 1959. Presented by Mr. C. 5S, 
Gray. 

ANDREWS, W.C. Aerial Ropeways, London, 1960. 

BEEDLE, L. S. and TALt, L. Basic Column Strength, 
New York, Lehigh University, Fritz Laboratory 
Report No. 161, 1960. 

BiytH, F. G. H. A 
Edition, London, 1960. 

Bray, T. J. A Course of Reinforced Concrete Design, 
3rd Edition, London, 1960. 

Cement & Concrete Association. Technical Reports. 
TRA/334. Tests on a One-tenth Scale Model of : 
Hyperbolic Paraboloid Shell Roof. TRA/339 Pre- 
vention of Frost Damage to recently placed grout in « 
concrete beam. Db.13 Why Concrete for the Roads o 
Tomorrow ? 

FABER, Oscar. 
plained, 4th 
London, 1960. 

GeppES, J. D. Soil Mechanics Aspects of the Desig» 
of Structures in Areas of Mining Subsidence, 
University of Durham, 1960. 

GEDDES, Spence. Estimating for Building and Civil 
Engineering Works, 2nd Edition, London, 1960. 

GRAVESEN, S. Elastic Semt-infinite Medium Bounded 
by a Rigid Wall with a Circular Hole, Copenhagen, 
1960. 

Hinton, C. The Evolution of Nuclear Power Plant 
Design, London, 1960. 

Hinton, C. Development of Atomic Energy and its 
Industrial Implications, London, 1960. 

Hinton, C. The Lessons of the Past Seven Years in 
Atomic Energy, London, 1960. 

HoFACKER, K. Stahlbeton Tabellen zur Berechnung der 
Konstruktionselemente rechteckigen und T-firmigen 
Querschnittes, Zurich, 1959. 

Lehigh University, Fritz Engineering Laboratory. Com- 
mentary on Plastic Design in Steel, Progress Report 
6, Connections, Progress Report 7, Deflections. 

Lonc, E. Power in Trust, London, 1960. 

McCiinTock, R. M. & GrBrons, H. P. Mechanical 
Properties of Structural Materials at Low Temper- 
atures, Washington, D.C., 1960. 

Ministry of Labour. Accidents: How they happen and 
how to prevent them, London, 1960. 

RJANITSYN, A. R. Calcul a la rupture et plasticité des 
constructions, Paris, 1959. Presented by Professor 
A. L. L. Baker. 

Rocers, G. L. An Introduction to the Dynamics of 
Framed Structures, New York and London, 1959. 
Presented by Mr. R. H. Rowe. 

Royal Institute of British Architects. Report of a 
Symposium on the Living Town, London, 1960. 

Royal Institute of Chartered Surveyors. Report of Post 
Graduate Cost Planning Course, November, 1959, 
London, 1960. 

Sacks, R. J. Theory and Practice of Arc Welding, 
New York and London, 1960. 

THORNLEY, J. H. Foundation Design and Practice, 
An Economic View, New York, 1959. Presented by 
Mr. R. H. Rowe. 


Geology for Engineers, 4th 
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U.S. Welding Research Council Bulletin No. 63. 
Welded Interior Beam—to Column Connections. 
Transfer of Stresses in Welded Cover Plates. A 
Survey of Literature on the Lateral Instability of 
Beams, New York, 1960. 


Branch Notices 


LANCASHIRE AND CHESHIRE BRANCH 


The following meetings have been arranged :— 
Tuesday, 14th March, 1961 

Mr. F. Turton, M.I.Struct.E., on “ Railway Bridge 

Work in the Liverpool/Manchester Area.” 
Thursday, 13th April, 1961 

Annual General Business Meeting, followed by a 
paper “ Power Stations as a Structural Problem,” by 
Mr. H. Dickson, A.M.I.Struct.E. 

Unless otherwise stated, meetings will be held at the 
College of Science and Technology, Manchester, 
commencing at 6.30 p.m. Light refreshments will be 
available from 5.45 p.m. 


MERSEYSIDE PANEL 
The following meetings have been arranged :— 


Monday, 20th March, 1961 

Professor Sir Alfred Pugsley, O.B.E., D.Sc.(Eng.), 
F.R.S., M.I.C.E., F.R.Ae.S., (Past President), on 
“ Behaviour of Tubular Structures in Compression— 
Static and Dynamic.” 

At Liverpool University in the new Civil Engineering 
Building, Brownlow Hill. 

Thursday, 6th April, 1961 

Annual General Meeting of the Merseyside Panel. 

At the Liverpool Engineering Society, The Temple, 
Dale Street, Liverpool. 

Friday, 12th May, 1961 

Annual Dinner Dance. At the Carlton Club, Eberle 
Street, Liverpool. 

All meetings will commence at 6.30jp.m. and will be 
preceded by light refreshments at 5.30 p.m. 
Joint Hon. Secretaries: Wm. S. Watts, M.I.Struct.E., 
A.M.I.C.E., 11, Newchurch Lane, Culcheth, Nr. 
Warrington, Lancs. M. D. Woods, 8, Dennison Road, 
Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, 7th March, 1961 
Mr. K. Wardell, F.R.I.C.S., M.I.M.E., F.G.S., on 
“ Mining Subsidence, Design Problems and Remedial 
Measures.” 

At the East Midlands Electricity Board Showrooms, 
Irongate, Derby, at 6.45 p.m. Tea will be served at 
5.45 p.m. 

Friday, 24th March, 1961 

Dr. Geoffrey Brock, A.M.I.C.E., on ‘‘ Models for 

Design and Research in Reinforced Concrete.” 
Friday, 28th April, 1961 

Thirty-fifth Annual General Meeting. Mr. G. B. 
Smedley, B.Sc.(Tech.), A.M.I.Struct.E., A.M.I.C.E., 
and Mr. G. M. Mills, B.Sc.(Tech.), A.M.I.Struct.E., 
A.M.1.C.E., A.M.I.Mun.E., on ‘‘ Modern Urban High- 
way Structures.” 

Unless otherwise stated, all meetings will be held at 
the Byng Kendrick: Suite, College of Advanced 
Technology, Gosta Green, Birmingham, 6. at 6.30 p.m. 
Tea will be served from 5.45 p.m. 

Hon. Secretary: S. M. Cooper, M.I.Struct.E., 
- Applegarth,”’ 56 Hyperion Road, Stourton, 
Stourbridge, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 

The following meetings have been arranged :— 

Friday, 3rd March, 1961 

“ Report on a Visit to Brazil, Venezuela and Mexico ’ 
by Dr. Dennis Matthews, M.I.Struct.E., M.I.C.E. 
(Vice-President). 

Friday, 7th April, 1961 

Address by the Branch Chairman, Major G. Botteley, 
R.E., T.D., M.I.Struct.E., M.I.C.E., on ‘‘ The Recon- 
struction of Pershore Lock.’”’ Followed by the 14th 
Annual General Meeting. 

Unless otherwise stated, all meetings will be held at 
the Engineering Centre, Stephenson Place, Birmingham, 
and will start at 6.30 p.m. Tea will be served from 
6 p.m. . 

Hon. Secretary : H. T. Dodd, Shepherds Cottage, Grove 
Lane, Wishaw, Sutton Coldfield, Warwickshire. 


, 


NORTHERN COUNTIES BRANCH 

The following meetings have been arranged :— 

Wednesday, 1st March, 1961 

Mr. W. G. Gentry, M.I.Struct.E., A.M.L.C.E., on 
“The Design, Fabrication and Erection of Welded 
Girders for the South Durham Steel and Iron Co., Ltd., 
Greatham.”’ 

Tuesday, 7th Marth, 1961 

The above paper will be repeated at Middlesbrough. 
Wednesday, 5th April, 1961 

Lecture to be arranged. At Newcastle. 
Thursday, 6th April, 1961 

Annual General Meeting. Lecture to be arranged. 
At Middlesbrough. 

Friday, 28th April, 1961 

Annual Dinner, at the Corporation Hotel, Middles- 
brough. 

Unless otherwise stated, meetings in Newcastle will 
be held at the Neville Hall and those in Middlesbrough 
at the Cleveland Scientific and Technical Institution, 
and will commence at 6.30 p.m., preceded by a buffet 
tea at 6 p.m. 

Hon. Secretary : P. D. Newton, 8B.Sc.(Eng.), 
M.I.Struct.E., A.M.I.C.E., Messrs. S. Cussons & 
Partners, 112, Borough Road, Middlesbrough. 


NORTHERN IRELAND BRANCH 

The following meetings have been arranged :— 

Tuesday, 7th March, 1961 
Annual Dinner. 
Tuesday, 4th April, 1961 

Annual General Meeting and Films. 

Meetings will be held in the Civil Engineering 
Department, David Keir Building, Queen’s University 
Belfast, at 6.30 p.m. unless otherwise stated ; tea will 
be served from 5.45 p.m. to 6.30 p.m. 

Hon. Secretary : L. Clements, A.M.I.Struct.E., 
A.M.I.C.E., A.M.I.Mun.E., 3, Kingswood Park, Cherry- 
Valley, Belfast, 5. 


SCOTTISH BRANCH 


The following meetings have been arranged :— 
Tuesday, 21st March, 1961 
Mason, B.Sc.(Hons.), 
M.I.C.E., (Past Chairman, Midland Counties Branch), 
on “The Design and Construction of the Pannier 

Market at Plymouth.” 


me A. M.1.Struct.E., 
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Tuesday, 18th April, 1961 
Annual General Meeting. 
Meetings will be held at the Institution of Engineers 
and Shipbuilders, 39, Elmbank Crescent, Glasgow, 


commencing at 7 p.m. 
Hon. Secretary : W. Shearer Smith, M.I.Struct.E., 


A.M.I.C.E., c/o The Royal College of Science and 
Technology, George Street, Glasgow, C.1. 


SOUTHERN BRANCH 
The following meetings have been arranged : 
Friday, 10th March, 1961 
Mr. H. Tottenham, on “‘ Timber Structures.” 
Wednesday, 8th April, 1961 
Visit to Winfrith Atomic Energy Establishment. 
Friday, 21st April, 1961 

Visit to new buildings for University under con- 
struction. 

Annual General Meeting, followed by films. 

Unless otherwise stated, all meetings will be held at 
the Engineering Lecture Theatre, University of 
Southampton, at 6.30 p.m. preceded by tea at 6 p.m. 
Hon. Secretary: A. P. K. Tate, B.Sc., A.M.I.Struct.E., 
Department of Civil Engineering, The University, 
Southampton. 


SOUTH-WESTERN COUNTIES SECTION 
The following meetings have been arranged : 
Friday, 24th March, 1961 
Joint Meeting with the Cement and Concrete 
Association. Mr. dy: I. T. Williams, B.Sc., A.M.I.C.E., 
A.M. Inst.H.E., on “ Mix Design and Quality Control 
of Concrete.” At the Duke of Cornwall Hotel, 
Plymouth, at 6 p.m., preceded by tea at 5.30 p.m. 
Friday, 21st April, 1961 
Annual General Meeting of the Section, at the Duke 
of Cornwall Hotel, Plymouth, at 6 p.m. preceded by 
tea at 5.30 p.m. 
Hon. Secretary: C. J. Woodrow, J.P., “ Elstow,” 
Hartley Park Villas, Mannamead, Plymouth, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 
Friday, 3rd March, 1961 
Joint Meeting with the Reinforced Concrete Associa- 
tion. Mr. F. R. Benson on “ Lift Slab Construction.” 
Friday, 17th March, 1961 
Annual Dinner, at Langland Bay Hotel, Swansea. 
Friday, 22nd March, 1961 

Students’ papers and Films. At Swansea. 

Meetings at Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, and will commence 
at 6.30 p.m. Meetings at Swansea will be held at the 
Mackworth Hotel, High Street, and will commence at 
6.30 p.m. 
Hon. Secretary: W. D. Hollyman, A.M.1.Struct.E., 
41, Greenfield Avenue, Dinas Powis, Glamorgan. 


WESTERN COUNTIES BRANCH 
The following meetings have been arranged :- 
Friday, 3rd March, 1961 
Joint Meeting with the Institution of Civil Engineers 
(South Western Association). Mr. A. L. Brake, 
A.M.I.Struct.E., on “ Berkeley Power Station—some 
Special Factors influencing Design and Construction.” 
Friday, 7th April, 1961 
Annual General Meeting, 6 p.m., followed at 6.45 p.m. 
by a paper, “ Mechanical and Electrical Problems 
Associated with Multi-Storey Construction”’ by Mr. 
G. K. Medlock, J.P., A.M.I.Mech.E., and a film, 
“ The Pirelli Building in Milan.” 
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All meetings will be held in the Small Lecty 
Theatre of the University Engineering Laboratories) 
University Walk, Bristol, 8, at 6 p.m. preceded by tegl 
at 5.30 p.m. 
Hon. Secretary : A.C. Hughes, M.Eng., A.M.I.Struct.E 
A.M.I.C.E., 21, Great Brockeridge, Bristol, 9. a 


YORKSHIRE BRANCH 


Wednesday, 1st March, 1961 
Joint Meeting with the Hull and East Riding Brandi 
of the Institution of Civil Engineers. The Design 
and Construction of the New Transit Sheds at No. 12 
Quay, King George Dock, Hull,” by Mr. R. A. Fishery 


A.M.I.C.E., in the Lecture Theatre, Electrical Buildi 1g, 
Ferensway, Hull, 6.15 p.m. 

Friday, 10th March, 1961 
at the Queens Hotely 


Annual Dinner and Dance, 
Leeds at 7 p.m. 
Wednesday, 15th March, 1961 
Mr. L. R. Creasy, B.Sc.(Eng.), M.I.Struct.Em 
M.I.C.E., and Mr. L. Scott White, O.B.E., M.I.Struct.E 
M.I.C.E., (Past President) on ‘“‘ Water Excluding 
Structures.” At Hull. 
Tuesday, 21st March, 1961 . 
Joint Meeting with the East Midlands Association of 
the Institution of Civil Engineers. Mr. A. L. Brake 
A.M.L.Struct.E., on “ Civil Engineering Problems in 
Nuclear Power Station Construction.’’ At the Blug 
Bell Hotel, Scunthorpe, at 6.15 p.m. 
Wednesday, 26th April, 1961 
Annual General Meeting, followed by a paper— 
“Timber as a Structural Material,” by Mr. Il. 
Paxton, M.A.(Cantab.), A.M.I.Struct.E., at Leeds. 
Meetings at Leeds will be held at the Metropole 
Hotel, King Street, unless otherwise stated, and 
meetings at Sheffield at the Royal Victoria Hotel, 
Meetings will commence at 6.30 p.m. preceded by @ 
buffet tea at 6.15 p.m. 
Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 3 
Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 
Hon. Secretary: E. B. Kretzchmar, A.M.I.Struct. Bj 
P.O. Box 3306, Johannesburg, South Africa. 

Natal Section Hon. Secretary: J. C. Panton 
A.M.1.Struct.E., A.M.I.C.E., c/o Dorman Long (Africa 
Ltd., P.O. Box 932, Durban. 
Cape Section Hon. Secretary: R. F. Norrigg 
A.M.I.Stiuct.E., African Guarantee Building, 8, St 
George’s Street, Cape Town. 


EAST AFRICAN SECTION 
Hon. Secretary: K. C. Davey, A.M.I.Struct.E., P. 
Box 30079, Nairobi, Kenya. 


SINGAPORE AND FEDERATION 
OF MALAYA SECTION : 
Hon. Secretary: J. R.M. MacIntyre, A.M.1.Struct. 
c/o Redpath, Brown and Co., Ltd., P.O. Box 64% 
Singapore. 


NIGERIAN SECTION 
Hon. Secretary: A. Brimer, A.M.I.Struct.E., Brimey 
Andrews and Nachshen, Private Mail Bag 2295, Lagos 
Nigeria. 
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AUCKLAND (NEW ZEALAND) SECTION 
Hon. Secretary : A. Donald, _B.Sc.(Hons# 
A.M.I.Struct.E., 122, Matipo Road, Te Atatu, Auclt 
land, New Zealand. A 








